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special  Notice 


A  GLANCE  at  the  contents  sheets  of  the  first  three  volumes  of  The 
Illuminating  Engineer  must  convey  some  idea  of  the  wideness  of  the  questions 
with  which  the  publication  has  dealt. 

As  maybe  seen  already  from  the  contents  of  these  numbers,  we  include  among 
our  contributors  some  of  the  leading  authorities,  here  and  on  the  Continent,  on 
the  subject  of  illumination,  who  have  expressed  their  appreciation  of  our  aims 
and  promised  cordial  support  and  co-operation. 

We  feel  that  the  response  which  has  followed  our  appeal  for  support  has  fully 
justified  our  conviction  that  illumination  is  a  matter  of  interest  to  all  sections  of 
the  community,  and  that  the  subject  is  of  exceptional  importance.  As  mentioned 
before,  we  believe  that  '  The  Illuminating  Engineer  '  occupies  a  field  not 
covered  by  any  other  journal.  It  circulates  among  many  trades  and  professions, 
being  designed  to  meet  the  special  needs  of:  Architects,  by  enabling  them 
to  satisfy  the  demands  of  their  clients  for  economy  and  efiiciency  without 
sacrificing  artistic  effect ;  Electrical  Engineers,  by  giving  them  a  complete 
resume  of  all  matters  pertaining  to  this  important  branch  of  their  profession; 
Central  Station  Engineers,  by  furnishing  them  with  information  which 
will  enable  them  to  increase  their  business ;  Isolated  Plant  Engineers,  by  sug- 
gesting ways  of  making  large  economies  in  the  use  of  their  illuminants,  while 
actually  increasing  the  illumination  of  their  buildings ;  Electrical  and  Gas 
Lighting  Contractors,  by  helping  them  to  detect  and  remedy  faults  in  lighting 
systems  due  to  bad  placing  of  lamps,  improper  use  of  shades,  reflectors,  globes,  or 
uneconomical  wiring  devices  ;  Gas  Company  Managers,  by  showing  them  how  to 
extend  the  use  of  gas  for  lighting  purposes,  and  keep  abreast  with  the  progress 
made,  so  as  to  meet  the  constant  competition ;  Fittings  Manufacturers,  by 
keeping  them  posted  concerning  the  latest  designs  and  the  progressive  require- 
ments of  architects  and  illuminating  engineers ;  Teachers  and  Students,  by 
recording  the  developments  in  the  science  and  art  of  illumination,  some  of  which 
are  too  recent  to  bo  published  in  text-books ;  and  last^  but  not  least.  Consumers, 
by  showing  them  }jow  to  get  better  value  for  money  spent  and  obtain  the  highest 
amount  of  illumination  at  the  smallest  consumption  of  gas,  electric  energy,  oil, 
acetylene,  or  other  illuminant. 


The  Proprietors  of  '  THE  ILLUMINATING  ENGINEER.' 
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A  Year's  Progress. 

With  this  number  The  Illuminating 
Engineer  enters  upon  its  third  year  of 
existence.  It  may,  therefore,  be  op- 
portune to  summarize  a  few  of  the 
most  important  steps  in  the  progress 
of  the  illuminating  engineering  move- 
ment in  this  country  during  the  past 
year. 

The  first  point  that  claims  our 
attention  is,  of  course,  the  formation  of 
the  Illuminating  Engineering  Society. 
Just  a  year  ago  we  were  speaking  of 
the  value  of  such  a  body,  and  expressing 
the  hope  that  it  would  soon  come  into 
existence.  These  hopes  have  now 
been  realized,  and  the  Society  is  an 
accomplished  fact. 

In  passing  we  may  refer  to  its 
international  character.  Among  our 
correspondents  and  vice  -  presidents 
are  included  many  who  have  assisted 
the  journal  and  helped  to  up- 
hold  the   standard   of  contributions 


which  we  have  set  ourselves  to  main- 
tain. A  glance  over  the  Index  for 
1909,  which  is  issued  with  this  num- 
ber, will  serve  to  show  that  our  antici- 
pation that  there  would  be  no  difficulty 
in  finding  plenty  of  valuable  matter  to 
discuss,  and  that  able  assistance  to  do 
so  would  be  forthcoming,  was  well 
founded.  The  Index  also  illustrates 
one  respect  in  which  our  journal  differs 
in  its  scope  from  many  periodicals — 
namely,  it  is  intended  to  serve  not 
only  as  a  record  of  current  events  con- 
nected with  illumination,  but  also  as  a 
permanent  up-to-date  source  of  in- 
formation thereon,  derived  through 
European  and  American  channels,  such 
as  no  single  text-book  on  the  subject 
could  hope  to  be. 

At  the  commencement  of  the  last  year 
we  drew  attention  to  the  increase  in  the 
space  devoted  to  matters  of  illumina- 
tion in  the  technical  press.  We  might 
make  the  same   remark,  with  even 
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greater  justice,  on  this  occasion,  for 
both  the  extent  and  the  nature  of  the 
•comments  on  illuminating  engineering 
have  recently  again  undergone  a  rapid 
development.  Not  only  is  the  subject 
dealt  with  by  journals  of  the  most 
varied  scope,  but  the  fundamental 
ideas  of  illuminating  engineering  are 
now  much  better  understood,  and 
appreciated. 

There  have  been  other  quarters  in 
which  the  development  of  interest  in 
lighting  questions  has  been  evident. 
We  have  remarked,  for  example,  that 
in  the  report  of  H.M.  Inspector  of 
Factories  for  this  year  a  number  of 
•comments  were  made  on  the  existing 
conditions  of  illumination  in  factories 
and  their  effect  on  health.  The  annual 
report  of  Dr.  Kerr,  Medical  Officer  to 
the  L.C.C.,  also  lays  stress  on  the  im- 
portant bearing  of  illumination  on  the 
•eyesight  of  school  children.  It  is  also 
gratifying  to  find  that  various  aspects 
of  illumination  tend  to  occupy  a  pro- 
minent place  in  the  proceedings  of 
different  learned  and  technical  socie- 
ties. An  important  precedent  was 
formed  this  year  by  the  Eoyal  Society 
of  Arts  in  selecting  '  Modern  Methods 
of  Illumination'  as  the  subject  of  a 
series  of  Cantor  Lectures.  A  lecture 
with  the  same  title  was  also  included 
in  the  course  at  the  London  Institu- 
tion. In  addition,  several  papers  be- 
fore the  Institutions  of  Gas  and  Elec- 
trical Engineers  dealt  with  matters 
more  or  less  closely  connected  with 
lighting,  and  it  was  significant  that  in 
several  of  the  discussions  speakers 
•even  went  out  of  their  way  to  allude 
to  matters  of  importance  from  the 
standpoint  of  illuminating  engineering. 
We  have  before  us  the  programme  for 
the  next  year  of  the  Eoyal  Institu- 
tion, and  we  note  that  here  also  the 
subject  of  light  and  illumination  will 
assume  an  exceptionally  prominent 
position.  Professor  S.  P.  Thomp- 
son, the  first  President  of  the  Illu- 
minating Engineering  Society,  will, 
v(^ry  approi)riately,  deliver  a  series  of 
three     lectures     on     *  Illumination, 


Natural  and  Artificial.*  Mr.  Duddell 
also  is  to  deal  with  electric  lighting  in 
his  last  lecture,  and  Professor  Sir  J.  J. 
Thompson  will  give  a  series  of  six 
lectures  on  '  Electric  Waves  and  the 
Electromagnetic  Theory  of  Light.' 

Amongst  other  notable  events  of 
special  interest  during  the  year  to 
which  brief  reference  may  be  made. 
We  may  first  recall  the  series  of  papers 
presented  at  the  Third  Annual  Con- 
vention of  the  Illuminating  Engineer- 
ing Society  in  the  United  States;  these, 
we  think,  once  more  demonstrated  not 
'only  the  extent  of  the  material  avail- 
able, but  also  the  practicability  of 
discussion  on  perfectly  amicable  lines. 

Our  Society  is  fortunate  in  possess- 
ing the  goodwill  of  the  Illuminating 
Engineering  Society  in  the  United 
States ;  we  reciprocate  the  desire  of 
our  friends  in  that  country  for  con- 
certed efforts  in  matters  of  illu- 
mination, and  we  feel  sure  that  all  here 
will  welcome  this  co-operation.  The 
international  agreement  between  Great 
Britain,  France,  and  the  United  States 
on  the  question  of  a  common  unit  of 
light  also  seems  to  us  an  important 
precedent,  not  only  because  it  affords 
an  instance  of  the  tendency  towards 
co-operation  between  different  nations 
on  these  matters,  but  also  on  account 
of  the  fact  that  the  British  Committee 
dealing  with  the  matter  included  repre- 
sentatives of  both  the  gas  and  elec- 
trical professions  working  together  for 
a  common  end. 

Speaking  with  a  full  knowledge 
of  the  various  steps  leading  up  to 
the  formation  of  the  Illuminating 
Engineering  Society  and  the  develop- 
ment of  the  Illuminating  Engineering 
movement  in  this  country,  we  feel 
that  our  supporters  have  every  reason 
to  be  satisfied  with  the  progress  during 
1909,  and  we  hope  that  they  will 
continue  to  give  us  their  help  and 
encouragement.  With  this  support 
we  are  prepared  to  push  on  the  work 
of  the  new  year  with  fresh  vigour, 
and  with  every  prospect  of  enduring 
success. 
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Ancient  Methods  of  Street- 
lig^htingf  in  London. 

Two  articles  in  the  present  number, 
on  pages  13  and  17,  deal  with  the 
systems  of  lighting  used  in  past  cen- 
turies in  the  (Streets  of  London. 

Readers  will  recall  how,  in  our 
November  number,  the  history  of  the 
Guild  of  Wax  Chandlers  was  traced 
from  step  to  step,  and  how,  though 
they  were  responsible  for  certain  bene- 
ficial regulations  to  secure  the  purity 
of  the  goods  supplied,  they  occasionally 
misused  their  priyileges.  It  is  very 
interesting  to  observe,  in  our  corre- 
spondent's present  article,  how  history 
repeated  itself  in  the  case  of  the  Tallow 
Chandlers.  They,  too,  instituted  a 
system  guaranteeing  the  perfection  of 
the  materials  utilized  in  their  candles, 
but  they  in  turn  also  made  every 
possible  effort  to  resist  the  introduction 
of  oil  for  lighting  just  as  the  Wax 
Chandlers  had  resented  the  develop- 
ment of  tallow  the  Century  before. 
We  can  see  how  the  grant  of  such 
monopolies  hindered  the  progress  of 
lighting,  and  we  need  not  wonder 
that  any  new  change,  however  bene- 
ficial in  itself,  is  apt  to  be  opposed  by 
the  old  vested  interests  in  just  the 
same  way.  Nowadays,  when  so  many 
alternative  methods  of  illumination 
are  available,  marked  progress  in  one 
branch  of  lighting  rarely  fails  to  call 
forth  corresponding  efforts  on  the  part 
of  its  rivals,  and  an  unquestionable 
improvement,  which  is  for  the  benefit 
of  the  public,  invariably  makes  its  way. 
In  a  subsequent  article  (p.  17)  we 
reach  a  yet  later  stage  in  the  develop- 
ments of  Streetlighting  with  the  for- 
mation of  the  Gas  Light  and  Coke  Co. 
in  1809.  Some  of  the  remarks  in  the 
old  volume  to  which  we  refer  give  us  a 
vivid  idea  of  the  original  difficulties 
from  which  the  Gas  Light  and  Coke  Co. 
eventually  emerged  triumphant,  and 
the  many  misunderstandings  as  to  the 
nature  of  gas  (or  as  it  was  termed 
"  inflammable  air  ")  which  they  had  to 
fight  and  dispel.  A  casual  remark  of 
we  of  the  witnesses  for  the  Commission 


of  that  date  also  enables  us  to  realize 
how  imperfect  the  system  of  lighting 
the  Streets  must  have  been  before  the 
introduction  of  Gaslighting.  The  early 
gas  flame  burners  are  stated  by  this 

witness  to  give  3  candle-power  

not  a  very  powerful  illuminant  judged 
by  modern  standards !  But  what  are 
we  to  think  of  the  Old  Parish  Oil 
Lamps,  18  of  which  are  stated  to  have 
been  equivalent  to  the  one  gas  burner, 
and  when  it  is  further  stated  that  they 
were  spaced  30  to  40  feet  apart  it 
becomes  evident  that  the  illumination 
of  the  Streets  in  those  days  could 
scarcely  be  termed  more  than  a  modi- 
fied form  of  darkness. 

In  future  articles  the  development 
of  street-lighting  will  be  traced  yet 
further,  and  we  shall  see  how,  from 
the  defective  systems  of  the  past,  were 
ultimately  developed  the  vastly  im- 
proved conditions  of  illumination  of 
to-day.  iS  smnj 

Co-operation   in   Researches  on 
Pliotometry. 

In  this  number  we  reproduce  in 
abstract  a  paper  on  Heterochromatic 
photometry  presented  by  Mr.  P.  S. 
Millar  at  the  Third  Annual  Conven- 
tion of  the  Illuminating  Engineering 
Society  held  last  September  in  the 
United  States.  Anyone  who  has  had 
experience  of  this  subject  will  bear 
out  Mr.  ,  Millar's  remarks  on  the 
mystifying  nature  of  the  many  com- 
plex phenomena,  physical  and  physio- 
logical, which  workers  in  this  field 
have  to  bear  in  mind.  Mr.  Millar 
will  also  receive  the  sympathy  of 
engineers  in  his  desire  to  obtain  fuller 
information  as  to  how  far  such 
phenomena  •  affect  practical  measure- 
ments of  illumination.  There  have 
been  many  more  or  less  able  researches 
published  on  the  scientific  aspect  of 
the  subject,  but  now  that  illuminant s 
differing  so  widely  in  colour  as  tlie 
incandescent  mantle,  the  flame  arc,  the 
Mercury  Vapour  lamp,  &c.,  are  being 
introduced,  it  is  certainly  time  to 
form  some  better  idea  as  to  the  prac- 
tical importance  of  these  effects.  We 
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also  appreciate  the  author's  advocacy 
of  co-operation  between  engineers  and 
physiologists  on  such  questions,  and 
the  concerted  action  of  different 
laboratories.  As  he  very  rightly  says, 
such  problems  are  too  big  to  be  dealt 
with  authoritatively  and  exhaustively 
by  any  single  man.  A  similar  con- 
clusion was  stated  by  Mr.  J.  S.  Dow 
at  the  end  of  his  recent  paper  on 
the  Flicker  Photometer,  before  the 
Physical  Society. 

The  need  for  co-operation  between 
the  physiologists  and  engineers  on 
photometrical  questions  is  becoming 
very  keenly  felt,  but  perhaps  the 
other  point  mentioned  by  Mr.  Millar, 
namely,  concerted  action  by  different 
laboratories,  is  at  least  equally  im- 
portant. It  seems  only  reasonable 
to  conclude  that  an  expert  who 
is  associated  with  one  laboratory, 
and  who  naturally  comes  to  be 
specially  familiar  with  certain  methods 
of  testing  or  varieties  of  instru- 
ments, can  hardly  avoid  some  ten- 
dency towards  bias  in  his  decisions, 
and  in  the  interpretation  of  his  ex- 
perimental results  which  may  be 
in  themselves  perfectly  correct.  In 
addition  many  experts  in  photometry 
are  themselves  the  inventors  or 
makers  of  certain  forms  of  apparatus  ; 
this,  in  turn,  may  be  responsible  for 
some  degree  of  prejudice. 

In  passing  we  may  add  that  this 
desire  for  fuller  confirmation  of  one's 
own  results  by  the  experiments  of 
others,  and  appreciation  of  the  neces- 
sary limitations  of  the  efforts  of  a 
single  individual,  are  characteristic  of 
those  who  do  the  best  work  and  possess 
the  true  scientific  spirit.  The  man 
who,  in  describing  his  own  experiments 
or  apparatus,  habitually  ignores  or 
underestimates  the  work  of  others  can 
only  hope  to  achieve  very  limited 
success  indeed. 

'Glare,  its  Causes  and  Effects.' 

As  announced  in  our  last  issue  a 
discussion  on  the  above  subject  will 
be  opened  b}^  Dr.  J.  Herbert  Parsons, 
F.K.C.S.,  at  the  next  meeting  of  the 


Illuminating  Engineering  Society,  and 
we  hope  that  members  will  make 
every  effort  to  be  present  on  this 
important  occasion.  The  whole 
question  of  Intrinsic  Brilliancy  and 
Glare  has  an  exceptional  interest  for 
those  connected  with  all  branches  of 
illumination,  and  applies,  to  some 
extent,  to  all  systems  of  lighting.  It 
is  therefore  one  with  which  the  Illu- 
minating Engineering  Society  should 
be  particularly  fitted  to  deal. 

On  page  11  in  this  number  will  be 
found  a  list  of  queries  which  has  been 
prepared  with  the  object  of  collecting 
information  on  points  of  special 
interest,  and  suggesting  some  lines  of 
profitable  inquiry.  We  think  that  a 
glance  over  this  series  of  questions 
will  dispel  any  idea  that  this  subject 
will  be  soon  thrashed  out.  The  diffi- 
culty would  rather  be  the  impossibility 
of  doing  justice  to  such  a  wide  subject 
in  a  single  meeting,  and  it  may 
possibly  be  found  desirable  to  extend 
the  discussion  to  another  evening ; 
even  so,  we  can  only  hope  to  initiate 
enquiries  into  many  specially  debatable 
points  on  which  our  present  informa- 
tion is  very  meagre. 

Many  of  these  queries  may  be 
considered  strictly  scientific  and 
technical  in  their  scope,  and  depend 
for  their  solution  on  specialized 
knowledge  such  as  physiologists  and 
ophthalmic  experts  can  supply.  On  the 
other  hand  it  will  also  be  recognized 
that  the  subject  is  one  with  immediate 
practical  bearings,  and  one  in  which 
the  general  public  is  closely  interested 
in  daily  life. 

Even  though  the  Society  finds 
itself  unable  to  frame  precise  answers 
to  mnny  of  these  queries  at  the 
present  moment,  we  shall  be  able 
to  originate  investigations  which  will 
be  instrumental  in  solving  many  of 
them  in  the  near  future. 

We  hope  that,  when  we  come  to 
review  the  progress  of  the  past  year, 
we  shall  be  able  to  look  back  on  much 
useful  work  in  this  direction. 

Lkon  Gaster, 
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Mr.  A.  P.  Trotter  (p.  7),  continues  his 
description  of  the  Trotter  Universal 
Photometer  of  Messrs.  Everett,  Edg- 
cumbe  &  Co.,  making  special  reference 
to  the  nature  of  the  screens  employed. 
He  refers  to  the  causes  of  "  angle- 
errors,"  and  Glare,  and  describes 
types  of  surfaces  by  which  these  errors 
can  be  reduced  to  a  minimum,  of  say 
1  to  2  per  cent.  In  addition  he  draws 
attention  to  the  fact  that  the  direction 
from  which  the  observer  looks  at  the 
photometric  screen  is  of  some  conse- 
quence, and  indicates  the  most  favour- 
able position  for  taking  readings. 
He  then  proceeds  to  describe  the 
results  of  some  further  experimental 
investigations  on  reflection,  and  gives 
some  polar  curves  of  light- distribution 
which  illustrate  the  qualities  of  different 
surfaces. 

On  p.  11  will  be  found  a  notice  of 
the  next  meeting  of  the  Illuminating 
Engineering  Society  on  Jan.  11th, 
1910,  at  which  a  discussion  on  the 
subject  of  "  Glare,  its  Causes  and 
Effects  "  is  to  be  opened  by  Dr.  J. 
Herbert  Parsons,  F.R.C.S.  To  this  is 
added  a  series  of  queries  on  which 
information  is  specially  wanted  and 
which  may  serve  to  suggest  some 
lines  of  profitable  research. 

A  Correspondent  on  p.  13  contributes 
some  notes  on  the  History  of  the 
Tallow  Chandlers.  He  shows  how 
the  Tallow  Chandlers,  when  they  came 
to  their  own,  acted  in  a  precisely 
similar  manner  to  the  Wax  Chandlers 
in  the  previous  century  ;  that  is  to  say 
they  instituted  rigorous  and  beneficial 
tests  for  the  improvement  of  the  quality 
of  the  goods  manufactured  but  even- 
tually misused  the  power  they 
possessed  and  endeavoured  to  throttle 
the  introduction  of  newer  improved 
forms  of  illumination  by  oil,  &c. 

This  is  followed  by  an  account  of 
the  Development  of  the  Gas,  Light 
&  Coke  Co.,  in  1809,  and  the  early 
progress  of  gaslight ing.  Reference  is 
made  to  an  old  volume  containing 


the  evidence  of  some  witnesses  before 
the  Commission  at  that  date  which 
shows  how  many  were  the  misconcep- 
tions regarding  the  nature  of  gas 
distribution  which  had  to  be  met.  It 
is  also  made  clear  how  primitive  were 
the  arrangements  for  streetlighting 
previous  to  the  introduction  of  gas. 
Thus  it  is  stated  that  18  of  old 
parish  oil  lamps  were  only  equivalent 
to  one  gas-burner,  and  such  lamps 
were  spaced  30  to  40  ft.  apart.  The 
resulting  illumination  must  have  been 
very  dim. 

An  article  by  Professor  Bermbach 

(p.  19)  deals  with  the  Conta  Lamp, 
a  form  of  arc  lamp  recently  intro- 
duced by  the  Regina  Arclamp  Co., 
which  is  equipped  with  what  is  claimed 
to  be  a  very  simple  form  of  regulation. 
It  is  also  stated  that  the  arrangement 
gives  rise  to  much  less  irregularities 
in  the  current  consumption  of  the  lamp, 
and  this  is  substantiated  by  diagrams 
showing  the  fluctuations  in  the  case  of 
both  Conta  and  other  forms  of  arc- 
lamps. 

On  p.  25  will  be  found  an  account 
of  a  lecture  delivered  by  Mr.  Jacques 
Abady  before  the  London  and  Southern 
Junior  Gas  Association  dealing  with  the 
Fundamental  Laws  of  Photometry, 
&c.  The  lecturer  summarises  these 
laws  and  points  out  the  conditions 
necessary  in  order  that  they  may  be 
rigidly  applied  to  photometric  measure- 
ments. He  also  insists  on  the  desir- 
ability of  avoiding  as  far  as  possible 
empiricism  in  measurements  of  this 
kind.  Finally  he  describes  a  form  of 
instrument  recently  devised  by  him- 
self in  which  the  illumination  is  ad- 
justed by  altering  the  exposed  area 
of  a  uniformly  illuminated  matt  white 
surface. 

This  is  followed  by  an  abstract  of  a 
paper  recently  read  at  the  Third  Annual 
Convention  of  the  Illuminating  Engin- 
eering Society  in  the  United  States 
by  Mr.  P.  S.  Millar  on  "The  Prob- 
lem  OF   Heterochromatic  Photo- 
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METEY."  Mr.  Millar  briefly  mentions 
a  few  of  the  physiological  effects  to  be 
encountered  in  work  of  this  kind,  and 
describes  some  experiments  designed 
to  test  their  influence  in  practical  work. 
These  tests  show  that  although  fair 
accuracy  can  be  obtained  in  the  case 
of  the  comparison  of  sources  only 
slightly  differing  in  colour  (such  as 
tungsten  and  carbon  filament  lamps), 
more  serious  errors  are  possible  when 
such  sources  as  the  mercury  vapour 
lamp  and  the  magnetite  arc  are  studied. 
In  conclusion  the  author  insists  that 
the  problem  is  too  big  for  any  one  man 
to  deal  with  and  advocates  concerted 
researches  between  different  experts 
and  various  laboratories. 

On  p.  31  will  be  found  another 
article  dealing  with  photometrical 
matters  in  which  the  Determination 
OF  Mean  Spherical  Candle-power 
is  discussed.  In  this  the  author  gives 
a  brief  summary  of  the  chief  methods 
of  laboratory  testing  in  this  field,  and 
of  shortening  the  calculations  involved 
in  determining  the  M.  Sph.  CP.  from 
experimental  results. 

On  p.  25  will  be  found  the  con- 
clusion of  the  recent  paper  before  the 
Institution  of  Gas  Engineers,  by  Mr. 
C.  Forshaw  dealing  with  the  Incan- 
descent Illuminating  Efficiencies 
of  Hydrogen  and  Carbon  Mon- 
oxide. In  this  he  describes  some 
additional  experiments,  involving  the 
use  of  solid  cones  within  the  flame, 
and  their  effect  on  the  results  obtained 
from  the  above  two  gases  ;  finally  he 
summarises  the  conclusions  of  the 
whole  paper. 

A  correspondent  deals  on  p.  42 
with  Acetylene  Lamps  in  Mines, 
pointing  out  their  chief  advantages 
in  this  connection  and  describing  a 
number  of  the  best-known  French  types 
of  lamps. 

Mr.  R.  H.  Stephens  deals  with  Oil 
for  Lighthouse  Illumination.  He 
points  out  the  advance  made  in  oil- 
lighting  by  ihv.  UH(!  of  an  incandescent 
mantle  and  dc^scrilK's  the  Kitson  sys- 
tem of  incandescent  oil  lighting.  8i)ecial 
reference  is  made  to  the  value  of  good 
"  penetrating  power  "  for  liglithouse 
work. 


Mr.  H.  Thurston  Owens  (p.  51) 

summarises  the  Progress  of  Illumin- 
ating Engineering  in  Europe.  He 
refers  to  the  starting  of  The  Illuminating 
Engineer  and  the  Illuminating  Engineer- 
ing Society  in  this  country  and  also 
gives  his  impressions  on  the  chief 
respects  in  which  outside  lighting  in 
Europe  differs  from  American  practice. 
Special  reference  is  made  to  the 
development  of  high  pressure  gas  and 
the  flame  arclamp  for  streetlighting, 
which  have  for  some  time  been 
accepted  facts  in  Europe,  but  have 
only  recently  made  much  headway  in 
the  United  States. 

Among  other  articles  we  may  men- 
tion that  on  p.  53  in  which  reference 
is  made  to  a  recent  publication  of 
Dr.  L.  Bloch  on  Interior  Lighting 
BY  Electricity.  The  question  is  con- 
sidered how  best  to  apply  the  metallic 
filament  lamps  to  existing  fittings  in 
cases  where  aesthetic  considerations  are 
of  paramount  importance.  Mr.  H.  N. 
Clark  recently  deli  v-^ered  a  paper  dealing 
with  the  question  of  Free  Mainten- 
ance of  Incandescent  Burners  for  con- 
sumers ;  this  is  abstracted  on  p.  56. 

Mention  may  also  be  made  of  the 
account  of  the  Lighting  of  several 
Schools  in  New  Jersey  by  Holophane 
fixtures  (p.  57).  In  this  case  the  main 
object  was  to  avoid  streakiness  and 
glare  and  to  produce  uniform  illumina- 
tion. A  subsequent  note  refers  to  some 
experiments  of  Dr.  Ubbelohde  on  the 
viscosity  of  illuminating  oil  and  its 
effect  on  the  drawing  power  of  the 
wick  (and  therefore  also  on  the  illumin- 
ating power  of  oil-lamps).  On  p.  61 
will  also  be  found  a  short  account  of  a 
recent  discussion  in  the  United  States 
dealing  with  Physiological  Aspects 
OF  Illumination. 

The  Correspondence  Columns  this 
month  contain  letters  from  Professor 
0.  Lummer  and  Mr.  A.  P.  Trotter 

regarding    the    Lummer  Brodhun 

PirOTOMETER. 

At  the  end  of  the  number  will  be 
found  the  usual  Keview  of  the  Techni- 
cal Press  (p.  69)  and  several  pages 
devoted  to  novelties  under  the  heading 
of  Trade  Notes  (p.  63). 
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\The  Editor,  while  not  soliciting  contributions,  is  willing  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the 
correspondence  columns  of '  The  Illuminating  E^igineer.^ 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors.^ 

Illumination,  Its  Distribution  and  Measurement. 

By  a.  p.  Trotter, 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p.  802,  Vol.  II.) 


The  Screens. — Messrs.  Everett,  Edg- 
cumbe  &  Co.  have  substituted  for  the 
Bristol  board,  which  I  have  used  for 
so  many  years,  a  white  celluloid 
composition.  So  long  as  this  is  thick 
enough  to  ensure  that  it  will  not  warp, 
it  seems  to  be  an  excellent  material. 
The  character  of  the  surface  of  the 
movable  screen  is  of  no  consequence 
so  long  as  it  does  not  change  in  shape. 


Fig.  101.— Worst  position. 

seeing  that  the  scale  is  graduated  by 
experiment,  but  the  surface  of  the 
perforated  screen  is  of  great  importance. 

Two  kinds  of  angle  errors  may  arise 
from  a  perforated  screen  of  an  un- 
suitable surface.  If  it  is  at  all  shiny, 
and  the  light  from  a  lamp  falls  upon  it 
at  an  angle  of  incidence  equal  and 
opposite  to  the  angle  from  which  the 
screen  is  observed,  the  glare  will  add 
to  the  apparent  brightness,  and  the 
photometer  will  read  too  high.  On 
the  other  hand,  if  the  illumination 


received  by  the  perforated  screen  falls 
on  it  at  a  considerable  angle,  if  the 
surface  is  not  suitable,  the  cosine  law 
will  not  hold  good.  I  find  that  an 
excellent  surface  can  be  obtained  on 
this  white  celluloid  by  finely  powdered 
pumice  rubbed  on  with  a  ground  glass 
rubber  and  plenty  of  water. 

Mr.  Preston  S.  Millar*  discusses 
what  he  calls  the  test-plate  with  great 
minuteness  and  considers  that  there 
is  no  material  which  meets  all  his 
exacting  requirements.  Unfortunately 
he  gives  no  experimental  results  show- 
ing the  departure  from  the  cosine  law. 


Fig.  102. — Best  position. 

The  reprint  of  Mr.  Millar's  paper  re- 
ferred to  on  p.  658  contains  an  almost 
illegible  diagram  purporting  to  show 
"  errors  due  to  improper  location  of 
the  test  plate."  One  of  the  curves 
appears  to  resemble  the  curves  given 
in  Fig.  78,  p.  440,  of  a  preceding  article 
of  this  series.    Discussing  as  he  does 

*  Loc.  cit. 
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many  different  kinds  of  illumination 
photometers  impartially  and  thought- 
fully, he  considers  that  the  test  plate 
should  not  be  viewed  from  above 
"  because  it  would  necessitate  inter- 
ference with  light  which  would  other- 
wise fall  upon  the  test  plate.  It 
follows  therefore  that  the  correct 
method  is  to  consider  transmitted 
light  from  a  point  directly  beneath  the 
test  plate ....  This  means  that  all 
instrument  parts,  as  well  as  the 
observer,  must  be  beneath  or  behind 
the  test  plate.  This  is  possible  only 
when  transmitted  light  instead  of 
reflected  light  is  measured."  It  is 
true  that  in  some  illumination  photo- 
meters, such  as  that  of  Dr.  Martens, 
the  test  plate  is  placed  in  an  un- 
fortunate position,  but  in  the  course 
of  a  rather  extensive  practical  use 


.  no 

20 

£0 



^"~\/\^  e 

\ 

/  ^\ 

/  \i1    /  \      v,>>^^     \  \ 

/\  ' 

•0 

fn       y   v^vV    ^\/\  \  \ 

90  1     1  l~r*^^ 

90 

Fig.  103. 


of  my  photometers,  I  can  remember 
only  one  occasion  on  which  I  was  in- 
convenienced by  my  own  shadow. 
This  was  in  the  South  Kensington 
Museum.  In  one  court  I  was  sur- 
rounded by  ten  arc  lamps.  I  stood 
a  short  pencil  upright  on  the  screen 
and  counted  the  radial  shadows.  I 
walked  round  and  noticed  in  what 
positions  of  my  body  any  of  these 
shadows  disappeared,  and  thus  found 
a  direction  in  which  all  ten  were  present. 

Amjlt  Errorfi. —Ah'om  my  earliest 
experiments  with  Sir  W.  Preecc  in 
1883  and  throughout  my  work  in  1891-2 


I  always  measured  illumination  on  a 
horizontal  screen.  There  has  been 
much  discussion  about  this  practice, 
and  the  matter  will  be  examined  in  a 
future  section.  Meanwhile  it  is  suffi- 
cient to  admit  that  on  a  horizontal 
plane  at  some  distance  from  a  lamp, 
and  therefore  with  a  considerable 
angle  of  incidence,  the  illumination 
is  much  more  feeble  than  if  the  plane 
were  tilted  to  face  the  lamp.  Two 
kinds  of  error  may  arise,  one  due  to  a 
slight  inaccuracy  in  levelling,  and  the 
other  due  to  the  nature  of  the  material 
of  which  the  screen  is  formed.  The 
former  may  be  dismissed  for  the 
present. 

It  is  obvious  that  if  the  surface  of 
the    screen    is    not    perfectly  matt, 
there  will  be  some  specular  or  regular 
reflection  when  the  angle  of  incidence 
is  equal  to  the  angle  of  view,  but  it 
has  been  suggested  also  that  with  most 
substances  there  is  a  wide  departure 
from  Lambert's  cosine  law  at  large 
angles  of   incidence.    This  allegation 
is  not  well  expressed,  for  the  cosine 
law   is   a    question   of  illumination 
received,  not  of  light  emitted  or  of 
apparent  brilliance.    The  emission  of 
light  from  matt  surfaces,  or  the  law  i 
of  diffused  reflection  has  been  discussed 
by  Bouguer  and  other  writers,  and  I 
hope  soon  to   contribute   something  I 
to  the  knowledge  of  this  subject.    In  i 
the  present  case  the  matter  is  somewhat  ] 
simplified  by  the  fixity  of  the  angle  of  , 
view  or  angle  of  emission  from  the 
perforated  screen. 

In  the  course  of  my  investigations 
of  the  law  of  diffused  reflection  I  have 
not  found  with  such  a  material,  for 
example,   as   white   celluloid,    either  j 
well  matted  or  half  glazed,  that  there  ' 
was  any  appreciable  error  at  large  . 
angles  of  incidence.    There  are  several  i 
experimental  difficulties  in  making  the  \\ 
measurements  with  smaller  errors  than  ^ 
1  or  2  per  cent,  and  within  such  limits 
no  systematic  error  was  found.    On  i 
the  other  hand  I  have  examined  a 
celluloid  screen  which  had  been  in  ,j 
practical  use  for  some  months,  and  had  \\ 
been    repeatedly    (ileaneH.    It    might  I 
have  been  better  if  it  had  been  allowed  ,fi 
to  become  dirty.    That  could  have 
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been  taken  into  account  by  a  simple 
correcting  factor  found  by  the  usual 
check  measurement.  I  found  that 
under  certain  circumstances  not  likely 
to  occur  often  in  practice,  the  error 
due  to  the  partially  glazed  surface 
might  amount  to  27  per  cent.  But  even 
with  this  obviously  imperfect  screen 
the  maximum  error  might  be  reduced 
to  about  5  per  cent  by  proper  placing 
of  the  instrument. 

Error  Due  to  Glare. — Appreciable 
angle  error  due  to  want  of  perfect 
mattness,  or  in  other  words  to  a  slight 
glaze  on  the  surface  of  the  screen,  can 
only  occur  when  the  light  falls  at  an 
angle  approximately  equal  to  the 
angle  at  which  the  screen  is  viewed — 
in  this  case,  about  20°.  Fig.  101 
shows  the  worst  position  in  which  a 
worker  can  place  himself  and  the 
photometer  with  respect  to  the  light. 
If  the  photometer  is  turned  through  a 
right  angle,  and  the  Hght  falls  side- 
ways, the  error  will  be  a  minimum. 

Measurement  of  Angle  Errors. — The 
screen  of  a  photometer  may  be  tested 
for  angle  error  by  mounting  a  suitable 
lamp  on  a  radial  arm.  The  axis  on 
which  it  turns  must  pass  exactly 
through  the  slot  of  the  screen.  If  the 
screen  is  viewed  in  the  plane  in  which 
the  radial  lamp  revolves,  the  view  will 
be  blocked  by  the  lamp,  or  the  obser- 
ver's head  will  intervene  between  the 
lamp  and  the  screen  when  the  light 
from  it  falls  at  20°  incidence  or  there- 
abouts. If  the  screen  is  viewed  cross- 
wise with  this  plane,  a  complete  semi- 
circle of  reading  can  be  obtained.  In 
testing  such  screens  I  have  used  a 
specially  constructed  apparatus,  not 
depending  on  a  moving  screen  with  a 
cam  and  a  calibrated  scale,  but  on  the 
motion  of  a  lamp  on  an  ordinary 
photometer  bar.  The  light  from  this 
lamp  fell  on  a  fixed  inner  or  back 
screen,  visible  through  the  slot  in  the 
screen  under  test.  The  illumination 
on  the  back  screen  was  a  measure  of  the 
brightness  of  the  perforated  screen 
when  a  photometric  balance  was 
effected. 

The  matter  will  be  perhaps  better 
understood  if  the  case  of  the  badly- 
glazed  screen,  to  which  reference  has 
been  made,  is  tak^n  first.    Fig.  103 


is  a  polar  diagram  of  the  observations. 
The  line  of  view  was  in  the  plane  in 
which  the  lamp  revolved,  this  being 
the  worst  position.  The  angles  repre- 
sent angles  of  incidence  of  the  light 
from  the  radial  lamp,  and  the  radii  are 
observed  brightness,  when  viewed  at 
20°.  The  apparatus  was  adjusted  with 
the  intention  of  obtaining  an  illumina- 
tion of  100  as  measured  on  the  photo- 
meter bar ;  when  the  incidence  was 
0°,  the  actual  reading  was  99,  but  the 
general  direction  of  the  curve  suggests 
that  this  was  about  1  per  cent  too  low. 
For  the  present  purpose  of  considering 
the  departures  from  the  cosine  law  as 
instrumental  errors,  the  brightness  at 
0°  may  be  taken  as  99,  and  the  depar- 
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tures  may  be  taken  as  excess  or  defect. 
On  another  occasion  I  propose  to  dis- 
cuss the  law  of  diffused  reflection  in 
a  different  manner.  Since  the  object 
of  the  tests  of  this  glazed  screen  was 
only  to  obtain  the  general  shape  of 
the  curve,  a  single  observation  only 
was  made  at  each  angular  position  ; 
errors  of  observation  amounting  to 
about  one  per  cent  are  present. 

Assuming  for  the  present  purpose 
that  99  is  the  true  value  at  0°  incidence, 
the  dotted  circle  (Fig.  103)  represents 
the  cosine  law  ;  there  is  a  positive  error 
or  excess  of  16  per  cent,  at  20°  when 
the  reflection  due  to  the  glaze  is  a 
maximum  as  in  Fig.  101.  Between 
45°  and  60°  on  the  same  side,  which 
may  be  called  the  front  side,  since  the 
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lamp  is  in  front  of  the  observer,  there 
was  a  fairly  constant  excess  error.  At 
20°  on  the  other  side  the  view  was 
blocked  by  the  lamp.  From  30  to 
70°  on  the  back  side  there  was  a  aen- 
ciency  of  about  0-04  foot-candle.  At 
30°  this  error  is  equivalent  to  about 
5  per  cent,  and  at  70°,  the  deficiency 
being  about  the  same,  was  equivalent 
to  nearly  22  per  cent. 

Fig  104  is  a  similar  diagram  of  the 
errors  of  this  badly  glazed  screen  m  the 
best  position,  that  is,  viewed  at  right 
angles  to  the  plane  in  which  the  lamp 
revolved  (Fig.  102).  The  errors  of 
observation  were  a  little  larger,  but  an 
oval  or  elUpsoid  such  as  has  been 
described  by  Bouguer  and  others 
would  represent  the  curve. 


Fig.  105. 

The  errors  are  all  in  defect  if  the 
observation  at  0°  incidence  is  assumed 
to  be  correct.  At  40°  it  is  about  0'02 
foot-candle,  or  5  per  cent. 

Fig.  105  is  a  similar  diagram  of  a 
well-matted  celluloid  screen  viewed  in 
the  worst  position.  The  divergencies 
from  the  cosine  law  are  so  small  that 
they  cannot  be  clearly  shown  on  a 
diagram,  but  they  can  be  shown 
better  numerically. 

Thv.  first  column  of  the  following  table 
gives  the  angles,  d.  From  78°  to  40 
tlie  lamp  on  tiie  photometer  bar  was 
Hct  to  a  round  number,  and  the  angle 
of  the  radial  lamp  was  adjusted  to 
give  a  balance.    From  40°  to  0°  the 


angle  was  adjusted  to  a  round  number 
and  the  lamp  on  the  bar  was  adjusted 
to  obtain  the  balance.  The  readings 
on  the  bar  give  E  the  observed  bright- 
ness. These  readings  are  set  out  m 
the  second  column.  For  the  present 
purpose  the  reading  at  0°  incidence 
(namely  105)  is  regarded  as  correct. 

B  E.     105  cos  6      Diff .  % 

— 18 
—8 
—9 
—10 
—6-6 
—3-4 
—4-2 


+0-5 
0 

0 

—0-4 

-fO'6 

—0-4 

—11 

—1-3 

-1-24 

—3-3 

-3-6 

—2-5 

—8 

—9 


The  first  difference  of  18  per  cent 
seems  to  be  serious,  but  it  would  be 
accounted  for  by  a  difference  of  angle 
of  2°.  The  experimental  dimcuities 
at  large  angles  of  incidence  are  con- 
siderable. The  graphical  plotting  as 
in  Fig.  105  is  quite  unsuitable  tor 
showing  the  departure  from  the  cosine 
law  at  large  angles.  The  departure 
from  the  cosine  law  on  the  assumption 
that  there  is  no  error  at  0°  incidence  is, 
however,  negUgible  for^  all  iront 
angles  down  to  about  70  . 

With  a  well-matted  celluloid  screen  in 
the  best  position  (see  Fig.^  102)  the 
systematic  errors  from  70  on  one 
side  to  70°  on  the  other  do  not  exceed 
more  than  about  3  per  cent.,  or  the 
ordinary  errors  of  observation  for  out- 
door industrial  photometry. 

(To  he  continued.) 
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(Founded  in  London,  1909.) 

Glare,  its  Causes  and  Effects. 


The  Next   Meeting  of  the  5l(U* 

minating  BnotneennG  Society 

(Founded  in  London,  1909)  will  be 
held  on  Tuesday,  January  11th,  1910, 
at  8  p.m.,  at  the  house  of  the  Royal 
Society  of  Arts  (Adelphi,  London), 
when  a  discussion  on  the  subject  of 
'  Glare,  its  Causes  and  Effects,'  will 
be  opened  by  Dr.  J.  Herbert  Parsons, 
F.R.C.S. 

In  order  to  make  the  discussion  as 
complete  as  possible  it  is  hoped  that 
foreign  members,  and  others  who  are 
unable  to  be  present,  will  send  in 
written  contributions  to  the  discussion 
to  the  Hon.  Secretary  (Mr.  L.  Gaster, 
32,  Victoria  Street,  London,  S.W.) 
previous  to  the  meeting.  Members  are 
also  requested  to  draw  the  attention  of 
friends  likely  to  be  interested  in  the 
matter  to  this  discussion  and  to  invite 
suggestions  from  them. 


The  accompanying  list  of  queries* 
(which  is  only  of  a  suggestive  character 
and  is  not  intended  to  be  exhaustive), 
has  been  prepared  in  order  to  indicate 
a  few  points  on  which  further  data  are 
desirable  and  on  which  the  collection 
of  the  views  of  different  authorities  is 
specially  to  be  desired.  Naturally 
farther  comments  on  matters  of  interest 
in  this  connexion  which  are  not  in- 
cluded in  the  list  will  also  be  welcomed. 
Practical  demonstrations,  the  exhibition 
of  lantern-slides  illustrating  the  results 
of  glare  and  methods  of  avoiding  it, 
and  the  presentation  of  the  results  of 
special  enquiries  or  experiments  under- 
taken in  response  to  these  queries  will 
be  particularly  appreciated. 

Members  and  others  desiring  to  par- 
ticipate in  the  discussion  are  requested 
to  send  in  their  names  to  the  Hon. 
Secretary  previous  to  the  meeting. 


List  of  Slueries:— 


1.  What  exactly  constitutes  a  "  glaring" 
system  of  illumination  ? 

2.  Evidence  is  needed  of  instances  in 
which  undue  brilliancy  of  injudiciously 
placed  sources  of  light  has  been  un- 
questionably prejudicial  to  eyesight. 
Suggestions  for  the  collection  of  data 
regarding  eyesight  and  health  and  con- 
ditions of  illumination  enjoyed  by  school 
children,  &c. 

3.  Is  it  desirable  to  recommend  that 
sources  of  a  brilliancy  higher  than  a  cer- 
tain limiting  value  should  never  be  used 
unscreened  in  interiors  i  Or  that  such 
sources  should  always  be  placed  a  certain 
minimum  distance  from  the  ground  ? 

4.  What  is  the  maximum  intrinsic 
brilliancy  on  the  part  of  an  illuminant 
which  can  be  considered  physiologically 
harmless,  under  ordinary  conditions  ? 
To  what  extent  is  the  glaring  effect  of 
oright  lights  depend  ?nt  on  the  distance 
of  the  ej^e,  on   "  brightness  per  unit 

*  Members  may  obtain  additional  copies 
of  this  list  of  queries  on  application  to  the  Hon. 
Secretary,  Mr.  L.  Gaster,  32,  Victoria  Street, 
London,  S.W, 


area,"  and  on  the  area  and  total  amount 
of  light  radiated  by  a  source  ?  In  what 
manner  is  the  desirable  intrinsic  brilliancy 
of  an  illuminant  governed  by  the  bright- 
ness of  surroundings  and  by  the  area  over 
which  the  glare  is  distributed  ? 

To  what  degree  is  the  sharpness  of  the 
shadows  cast  by  concentrated  sources  of 
great  brilliancy  responsible  for  glare  ?  Is 
the  effect  of  glare  rendered  more  acute  by 
variations  in  the  intensity  of  an  im- 
steady  source  of  light  ? 

5.  Is  there  any  reliable  and  simple 
physiological  test  by  which  it  can  be 
readily  ascertained  whether  an  existing 
system  of  illumination  is  open  to  objection 
on  account  of  glare  ?  Could  the  opening 
and  closing  of  the  pupil-aperture  be  so 
used  ? 

6.  What  instruments  are  available  for 
measuring  in  a  .simple  manner  the  in- 
trinsic oriJliancy  of  any  luminous  ooject  ? 
And  what  accuracy  may  be  expected  in 
such   measurements  ? 

7.  Is  excess  of  light  of  all  colour's 
equally  harmful  ?  To  what  extent  ai'e 
the  prejudicial  effects  of  incautious 
exposure  to  brilliant  sources  of  light  due 
to  ultra-violet  rays  ? 
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8.  Is  the  intrinsic  brilliancy  of  some 
sources  used  in  the  streets  too  high  ? 
And  would  a  restriction  of  the  existing 
brightness  prove  beneficial  from  the 
point  of  view  of  traffic,  &c.  ?  Sugges- 
tions regarding  the  avoidance  of  glare 
from  the  headlights  of  vehicles,  &c. 

9.  What  is  the  best  intrinsic  brilliancy 
for  illuminated  signs  and  advertisements  ? 
And  how  is  this  affected  by  the  distance 
away  from  which  they  are  to  be  viewed  ? 


10.  Should  any  recommendations  as 
to  the  limiting  brightness  of  illuminants, 
and  illuminated  surfaces,  such  as  shades 
&c.,  in  interiors,  be  made  from  the 
artistic  standpoint  ? 

11.  Actual  examples  of  practical  cases 
(e.gr.,  well-known  buildings,  shop-lightings 
&c.)  in  which  insufficient  attention  has 
been  paid  to  securing  absence  of  glare, 
or  specially  successful  means  adopted  to 
avoid  it. 


Forthcoming  Lectures  on  Light  and  Illumination  at  the 

Royal  Institution. 

It  is  very  gratifying  to  observe  that  Duddell,  F.R.S.,  deal  with  Modebn 

the  subjects  of  light  and  illumination  Electricity,  and  the  last  of  the  series 

will  be  dealt  with  exceptionally  fully  is  to  cover  the  subject  of  Electric 

in  the  newly  issued  programme  of  the  Lighting.    These    lectures    will  take 

Royal  Institution  for  1910.  place  at  3  o'clock  on  December  28th, 

We  notice  that  Professor  S.  P.  December  30th,  January  1st,  4th,  6th, 

Thompson,   D.Sc,   F.R.S.,   the   first  and  8th  respectively. 

President  of  the  Illuminating  Engineer-  Among  the  other  items  we  also 

mg  Society,  will  very  appropriately  ^ote  that  Prof.  Sir  J.  J.  Thompson, 

deliver  a  series  of  three  lectures  on  M.A.,  D.Sc,  F.R.S.,  &c.,  is  to  lecture  on 

Thursdays,  February  17th,  24th,  and  -  Electric  Waves  and  the  Electro- 

March  3rd  at  3  o'clock  on  "  Illumin-  magnetic   Theory   of   Light,"  on 

ation,  Natural  and  Artificial."  Saturdays,  February  12th,  19th,  and 

Again,  the  series  of  Christmas  Lec-  26th,  March  5th,  12th,  and  1 9th,  at 

tures   to   be   delivered   by  Mr.   W.  3  o'clock. 


Dr.  Ludwig  Mond. 

It  is  with  deep  regret  that  we  record  the  death  of  Dr.  L.  Mond  on 
December  11th,  1909.  Dr.  Mond  was  widely  known  for  his  distinguished 
work  in  many  departments  of  chemical  science,  and  as  the  inventor  of  many 
important  industrial  processes.  But  we  feel  that  his  name  has  a  special  claim 
to  remembrance  as  one  who  did  much  to  stimulate  the  spirit  of  scientific 
i-esearch  in  this  country,  and  as  the  founder  of  the  Davy- Faraday  Laboratory. 


ERRATA. 

We  re;^ret  to  note  that,  owing  to  a  misprint,  the  qualifications  of  Mr.  L.  A.  Stokes,  one  of 
the  Vice-Presidents  of  the  SUuminating  (gttjjinftring  c3o<-*ictj|),  were  incorrectly  stated  in  the 
list  of  members  published  in  our  November  number  (p.  830).   The  correct  description  should  bp  : — 

V.P.  Stokks,  L.  a.,  F.Il.I.n.A.,  Past  Vice-President  of  the  Royal  Institute  of 

British  Architects,  2,  Great  Smith  Street,  London,  S.W. 


Also  :— For    C.M.  Libksney,  A.,  &c."  (p.  834),  read  "  C.M.  Ltbesny,  A.,  &c." 
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Some  Notes  on  the  History  of  the  Tallow  Chandlers. 

Their  Influence  on  the  Standardisation  of  Lighting  Apparatus  and  on  the  Restriction 

of  Adulteration. 

By  an  Engineering  Correspondent. 


In  a  recent  number  of  this  journal  some 
account  was  given  of  the  early  proceed- 
ings of  the  Waxchandlers'  Company 
in  the  14th  century  {Illuminating 
Engineer,  November,  1909,  p.  734). 
We  saw  how  the  Wax  Chandlers  were 
responsible  for  the  rigorous  examina- 
tion and  preservation  of  the  purity  of 
wax  candles  according  to  a  detailed 
specification  and  how  insistence  was 
placed  upon  the  guarantee- value  of  a 
mark  on  each  candle  coming  up  to  the 
required  standard. 

But  we  also  saw  how  the  privileges 
accorded  to  the  wax  chandlers  led 
to  abuses  in  other  directions  as  soon 
as  they  began  to  experience  the  com- 
petition of  other  systems  of  illumination. 
Let  us  now  proceed  to  trace  some  of  the 
experiences  of  the  tallow  chandlers, 
who,  in  the  times  mentioned  in  the  last 
article,  were  struggling  against  a 
monopoly,  but  who  in  their  turn  were 
eventually  successful,  and  likewise 
aimed  at  the  standardisation  of  lighting 
apparatus,  only  to  pursue  in  the  end 
equally  vigorous  methods  of  obstruc- 
tion against  new  rival  systems  of  light- 
ing. 

When  eventually  it  was  discovered 
that  the  wax  candle  was  no  longer 
up-to-date,  and  in  addition  not  nearly 
so  applicable  for  general  use  as  the 
tallow  variety,  and  when,  too,  the 
relative  costliness  of  tallow  and  wax 
was  found  to  be  approximately  1  :  15, 
the  tallow  candles  forced  their  way  to 
the  front  as  the  chief  illuminants,  and 
the  makers  of  tallow — the  Tallow 
Chandlers — in  turn  became  the  masters 
who  fixed  the  price  and  quality  of  the 
chief  illuminant  available  for  street 
lighting. 

The  rivalry  and  the  gradual  super- 
seding of  wax  by  tallow  can  be  seen 
from  the  very  fact  that  the  tallow 


chandlers  combined  to  form  a  regular 
organization  long  before  they  had  any 
licence  or  charter  or  established  com- 
mercial fellowship.  Indeed,  we  receive 
the  first  intelligence  of  them  as  early  as 
1426,  when  they  were  associated  under 
the  style  of  "  The  Master  and  Wardens 
of  the  Mistery  or  Craft  of  Tallow 
Chandlers,  in  letters  patent  of  Henry  VI. 
for  the  search  and  destruction  of  all 
bad  or  adultered  oils."  They  were 
acknowledged  as  a  body  by  the  giving 
of  a  grant  of  Arms  and  Crest  to  "  John 
Priour,  John  Thirloe,  William  Black- 
man  and  Richard  Greenkroft,  Wardens, 
and  to  other  notable  men  of  the  fellow- 
ship and  occupation  of  Tallow  Chand- 
lers of  London,  Freemen,  and  to  their 
Successors  for  ever,  by  John  Smart,  alias 
Garter,  under  his  hand  and  Seal  of 
his  Office  bearing  date  Sept.  24,  Anno. 
Dom.  1456,  35  Hen.  vi."  The  motto 
was  :  "  Delight  in  God,  and  he  shall 
give  thee  thy  Heart's  Desire."  The 
supporters  were  added  and  arms  and 
crest  allowed  in  1602,  upon  an  applica- 
tion to  William  Camden,  Clarencieux, 
with  the  motto :  Quae  arguuntur, 
a  Lumine  manifestantur. 

It  is  interesting  to  note  that  from 
this  moment  the  tallow  chandlers  were 
authorised  to  make,  constitute,  and  put 
in  force  among  themselves,  rules  and 
good  ordinances  for  the  separate  con- 
duct of  their  own  trade.  Since,  there- 
fore, they  were  in  possession  of  the 
monopoly  of  the  only  available  illum- 
inant, they  were  also  virtual  controllers 
of  street-illumination,  especially  when 
the  system  of  private  lighting  pre- 
vailed. 

At  last,  in  1462,  they  obtained  their 
first  charter  by  Edward  IV.  It  was 
addressed  "  to  our  beloved  and  faithful 
subjects  the  Freemen  of  the  Mystery 
and  Art  of  Talough  Chaundelers  of  our 
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City  of  London,"  and  this  charter  was 
confirmed  by  Henry  VII.,  Edward  VI., 
Philip  and  Mary,  Elizabeth,  James  I., 
Charles  II.,  and  James  11. 

I  have  dwelt  at  length  on  this  ancient 
history  of  the  Tallow  Chandlers  for  a 
very  good  reason.  For  they  always 
refer,  as  we  will  see  afterwards,  to 
their  beginnings,  as  being  the  only 
body  which  is  entitled  to  state  an 
"  expert  opinion "  on  matters  con- 
cerning the  lighting  of  the  streets.  And 
it  may  be  added  in  this  connexion 
that  the  Tallow  Chandlers,  from  the 
3rd  year  of  Hen.  VIII.  onwards,  were 
appointed  to  "  search  "  oils^ — the  other 
illuminants  coming  into  use.  They  had 
also  the  power  to  destroy  such  as  were 
"  mingled  and  corrupt."  This  pro- 
hibition of  adulteration  of  oil  for  lighting 
purposes  goes  back — unless  I  am  mis- 
taken— to  that  proclamation  forbidding 
the  adulteration  of  oil  used  for  food  : 
5  Richard  II.  a.d.  1382,  Letter-Book 
H,  fol.  cxxxix.  (Norman-French). 

"Be  it  proclaimed,  that  no  one 
shall  sell  the  best  oil  of  Lusshebone 
[Lisbon],  used  for  food,  at  a  higher 
rate  than  I6d.  per  gallon,  and  that, 
by  sealed  measure.  And  that  no 
person  shall  mix  any  oil  of  Cyvylle 
[Seville]  with  oil  of  Lusshebone^  on 
pain  of  forfeiture  of  the  oil  so  mixed." 

The  Tallow  Chandlers  did  not  fail  to 
exploit  this  privilege  in  the  case  of  oil 
for  lighting  purposes  and  candles,  and 
also  destroyed  much  oil  that  might 
have  been  put  to  good  use  but  was 
not  of  the  specified  quality.  At  first 
no  fee  was  granted  to  the  execution, 
so — according  to  Stow — it  was  neglec- 
ted. But  in  Queen  Elizabeth's  reign, 
when  abuses  and  deceits  daily  multi- 
plied in  this  trade,  they  agreed  "  that 
Roger  Tyler,  one  of  the  Wardens,  and  in 
good  credit  among  them,  as  well  as 
for  his  honest  dealing  as  for  his  skill 
in  this  his  trade,  should  sue  in  name 
of  the  whole  Company  to  her  Majesty 
for  a  new  grant  to  search  and  destroy 
corrupt  wares,  &c."  And  liereupon 
they  petitioned  the  Queen  :  "  For 
reformation  whereof,  the  Master  and 
Wardens  of  Tallow  ( 'handlers  of  London, 
wlu)  did  retail  these  things  and  finding 
daily  these  deceits,  were  moved  in  con- 


science to  procure  redress  :  Did  most 
humbly  beseech  the  Queen's  Majesty 
to  grant  them  authority  to  have  the 
perusing  of  these  things,  with  officers 
for  the  reforming  of  these  deceits,  and 
for  the  seeing  these  things  to  be  good  and 
perfect  from  henceforth."  The  Queen's 
Letters  Patent  to  this  Company  bore 
date  at  Westminster,  the  15th  of  April, 
in  the  19th  year  of  her  reign,  naming, 
appointing,  and  authorising  "  the  Mas- 
ter, Wardens,  and  Commonalty  of  the 
Art  and  Mystery  of  Tallow  Chandlers, 
of  London  and  their  Successors  and 
Deputies,  to  be  Searchers,  Examiners, 
Viewers,  and  Triers,  of  all  Sope, 
Vinegar,  Butter,  Hops  and  Oils."  And 
though  the  Lord  Mayor  and  Court  of 
Aldermen,  October,  1583,  resisted  the 
execution  of  this  patent,  the  Tallow 
Chandlers  retained  it. 

As  regards  candles,  they  did  not 
shrink  from  using  all  kinds  of  weapons 
in  order  to  preserve  their  rights.  In 
the  reign  of  King  Edward  VI.,  anno 
1551,  they  refused  to  sell  any  candles, 
by  an  universal  consent,  simply  and 
solely  because  the  City  set  up  too  low  a 
price  "  upon  their  commalities."  And 
it  came  to  such  a  pass — according  to 
Stow — that  orders  were  taken  by  the 
King  and  Council,  commanding  them 
to  sell  their  candles,  and  some  of  them 
were  sent  to  prison  (sic  I). 

Their  whole  power  was  also  merged 
in  a  struggle  against  the  so-called 
"  public  convex  light."  According  to 
Macaulay,  the  state  of  things  was  as 
follows  : — 

"  It  ought  to  be  noticed  that 
in  the  last  year  of  the  reign  of 
Charles  11.  began  a  great  change  in  the 
police  of  London,  a  change  which  has 
perhaps  added  as  much  to  the  happi- 
ness of  the  body  of  the  people  as 
revolutions  of  much  greater  fame. 

"  An  ingenious  projector  named  Ed- 
ward Heming  obtained  letters  patent 
conveying  to  him  for  a  term  of  years  1 
the  exclusive  right  of  lighting  up 
London.  He  undertook  for  a  moderate 
consideration  to  place  a  light  before 
every  tenth  door  on  moonless  nights,  | 
from  Michaelmas  to  Lady  Day,  and  I 
from  6  to  12  o'clock.  Those  who  j\ 
now  see  the  capital  all  the  year^roun^-  { 
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from  dusk  to  dawn,  blazing  with  a 
splendour  beside  which  the  illumina- 
tions for  la  Hague  and  Blenheim  would 
have  looked  pale,  may  perhaps  smile  to 
think  of  Heming's  lanterns,  which 
glimmered  feebly  before  one  house 
in  ten  during  a  small  part  of  one  night 
in  three.  But  such  was  not  the  feeling 
of  his  contemporaries.  His  scheme 
was  enthusiastically  applauded — and 
furiously  attacked.  The  friends  of  im- 
provement extolled  him  as  the  greatest 
of  all  the  benefactors  of  his  city. 
What,  they  ask,  were  the  boasted  in- 
ventions of  Archimedes  when  com- 
pared with  the  achievements  of  the 
man  who  had  turned  the  nocturnal 
shades  into  noonday  ?  In  spite  of  these 
eloquent  eulogies  the  cause  of  darkness 
was  not  left  undefended.  There  were 
fools  in  that  age  who  opposed  the 
introduction  of  what  was  called  the  new 
light  as  strenuousty  as  fools  in  our  age 
have    opposed    the    introduction  of 

vaccination  and  railroads  " 

So  far  Macaulay.  Those  he  terms 
"  fools  "  were  for  the  most  part  the 
Tallow  Chandlers  who  saw  their  interests 
and  their  ancient  privileges  and  cus- 
toms threatened.  When  in  1694  a 
licence  was  granted  by  the  corporation 
to  certain  persons  "  concerned  and 
interested  in  glass-lights,  commonly 
called  and  known  by  the  name  of  con- 
vex lights  "  for  the  sole  supply  of  the 
public  lights  in  all  public  places  in  the 
city,  for  twenty-one  years,  the  Tallow 
Chandlers  protested  most  vigorously 
against  this  new  system.  In  the  follow- 
ing I  give  for  the  first  time  a  repro- 
duction of  this  protest.  This  his- 
torical monument  of  a  last  position  is 
couched  in  the  following  denunciatory 
terms  : 

REASONS  humbly  offered  to  the  Right 
Honorable  the  |  Lord  Mayor,  Alder- 
men, and  Commons,  of  the  City  of  | 
London,  in  Common  Council  assem- 
bled, by  the  Company  of  |  Tallow- 
Chandlers  of  the  same  City,  against 
setting-  up  and  |  estdblishing  the  Lamp- 
Lights  of  any  sort  in  this  City,  as 
varying  from  the  antient  Custom. 

THAT    this    Company   have  been 
Incorporated  about   230  Years, 
and  are  now  become  a  numer- 
ous I  Body ;  several  of  whom  have  been 


called  to,  and  served  in  the  greatest 
Places  of  Trust  and  Honour  |  of  this 
City,  and  have  always  assisted  as  well 
in  Purse  as  Person  to  add  to  its 
Grandure,  and  to  the  |  support  of  the 
present  Government. 

That  this  Company,  with  the  whole 
City,  being  restored  to  their  antient 
Privileges  and  Customs  |  thought  them- 
selves safe  from  any  other  Invasion  of 
their  Laws,  one  of  which  is  an  Act 
of  Common  |  Council,  made  the  3  of 
October,  1599,  whereby  every  Hous- 
holder  from  the  First  of  October  to  the 
First  of  March  in  every  year  for  ever, 
should  cause  a  substantial  Lanthorn  and 
a  Candle  of  Eight  in  the  Pound  to  be 
hangd  without  their  Doors. 

That  notwithstanding  the  said  Act 
(still  in  force)  certain  untrue  men,  who 
are  not  capable  of  serving  any  office  in 
any  Company,  nor  Office  of  Trust  within 
this  City,  neither  chargable  towards 
the  I  support  of  the  Grandure  and 
Government  of  the  same,  have  set  up, 
and  do  continue  in  the  Streets  of  this 
City  and  Liberties  thereof,  a  great 
number  of  Convex-Lamps  and  other 
LucidarieSy  in  opposition  to,  and  deroga- 
tion of,  the  said  Act,  and  to  the  manifest 
Injury  of  this  and  other  Companies,  in 
their  lawful  Trades. 

That  the  aforesaid  Lamps  or  Lucidaries 
are  merely  Novel,  and  should  they  be 
encouraged  they  will  cause  many  more 
such  intrudings  upon  other  Arts  and 
Mysteries,  whereby  the  Labour  and 
Industry  of  many  Thousands  may  be 
lost,  and  their  Families  impoverish'd. 

That  the  setting  up,  and  use  of  the 
said  Lamps,  within  the  City  and  Liberties, 
for  the  time  past  have  been,  and  for  the 
future  will  be  a  great  Prejudice,  if  these 
New  Lights  obtain  the  countenance  of  a 
Common  Council. 

First,  To  this  Company,  in  taking 
away  the  Use  of  their  lawful  Trade,  to 
which  they  have  serv'd  and  taken  many 
Apprentices,  and  made  suitable  pro- 
visions for  carrying  on  their  Trades, 
for  the  subsistence  of  themselves  and 
Families;  and  that  if  the  |  continuance 
of  these  Lamps  be  suffered,  they  will 
hinder  the  making  and  selling  of  Seven- 
teen Dozen  of  Candles  to  every  Lamp  | 
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set  up  and  used  in  this  City  and  Liberties 
in  every  Year,  and  so  much  will  be 
taken  away  from  the  maintenance  of 
the  Tallow- Chandlers  \  and  Families,  and 
the  support  of  their  lawful  and  useful 
Trade. 

And  altho  great  annual  Rents,  and 
other  Considerations  may  be  offered  to 
this  City,  by  the  Partners  of  the  several 
New  I  Lights,  (and  as  they  pretend) 
towards  payment  of  the  Orphans,  yet 
nevertheless  it  is  hoped,  that  not  any  of 
those  New  Lights  |  will  be  Established 
for  the  sake  of  such  Rents ;  and  at  the 
same  time,  by  so  doing,  deprive  the 
Tallow- Chandlers  J  and  other  |  Trades  in 
the  Profits  thereof,  to  a  far  greater  value 
than  the  Profits  of  the  Lamps  can  accrue 
unto  the  Orphans. 

And  to  other  Trades,  as  the  Homers 
in  making  of  Leaves  for  Lanthorns,  for 
burning  Candles  in ;  Tinmen^  and  Spinners 
of  I  Cotton,  wherof  the  Twentieth  part 
is  not,  nor  cannot  be  used  in  Lamps, 
which  is,  and  must  be  in  Candles ;  and 
must  necessarily  deprive  many  hundreds 
of  Persons,  (that  live  solely  by  those 
Trades),  of  their  Maintenance  and  Lively- 
hood. 

Secondly,  That  all  Monopolies  in  all 
Ages  have  been  esteemed  Destructive, 
Oppressive,  and  against  the  Rights  of 
the  Subjects,  and  contrary  to  Magna 
Charta,  and  many  other  Statutes,  and  to 
the  Common  Law.  And  it  was  solemnly 
adjudged  in  |  the  44  Eliz.  in  Cook's  II. 
Report,  in  the  case  of  Monopolies,  and 
many  other  cases.  The  same  was  so 
declared  by  Proclamation  in  the  I.  of 
King  /a?nes  I.  and  by  a  Statute  made 
in  the  21  year  of  his  Reign, 
Cap.  3  yet  under  a  Proviso  to  grant 
I  Letters  Patents  to  the  first  in- 
venters  of  the  New  Manufactures  for 
14  years,  not  contrary  to  Law,  nor  hurt- 
ful to  the  People,  as  may  |  appear  by  the 
Paper  of  Reasons  now  in  Print,  and 
lately  offered  by  this  City  to  the 
Parliament,  against  their  passing  the  Bill 
I  for  granting  a  further  Term  to  the 
Partners  concerned  in  the  Convex  Lights, 
which  Bill  being  put  to  the  Question  it 
passed  in  the  |  Negative,  as  may  appear 
by  the  Votes  of  that  Honourable  House 
on  Friday  the  30th  of  December,  1692. 


It  is  humbly  hoped,  that  Projects  so 
pernicious  to  the  publik  Good  of  the  King- 
dom, and  the  private  and  lawful  Trade  \  of 
many  Thousaftds  of  Their  Majesties  Subjects, 
who  as  the  Law  stands,  have  as  great  a 
Right  as  any  other  of  \  Their  Majesties 
Subjects  have  to  their  Trades,  and  the  lawful 
Use  and  Advantages  thereof,  will  not  find  or 
receive  any  encouragement  from  this  City. 
And  for  that  the  Parliament  would  not  give 
any  encouragemefit  to  the  CONVEX- 
LIGHTS  {as  is  humbly  conceivd)  in  tender- 
ness and  regard  to  the  Privileges  and 
Customs  of  this  City,  so  this  Company  a 
part  I  of,  and  subject  to,  the  Corporatiofi  of 
this  City,  may  justly  hope,  they  will  not  do 
any  act  to  the  prejudice  of  this  Company,  %n 
relation  to  their  said  Trade. 

But  that  the  Act  of  COMMON 
COUNCIL  for  enlightning  the  Streets  of 
this  City  with  Candles  in  Lanthorns  may  be 
strictly  \  observed,  or  that  this  Honorable 
Court  will  be  pleased  to  make  another  Act, 
for  the  more  strict  and  regular  Observance 
of  the  Duty  of  Lighting  the  Streets  of  this 
City  and  Liberties  with  Tallow  Candles  in 
Lanthorns,  which  will  be  cheaper  to  the 
Inhabitants  than  any  sort  of  Lamps. 

And  the  tallow  chandlers  seem  to  have 
gained  the  victory.  For  when  the 
lease  had  expired  we  hear  no  more  of 
the  glass  lights  or  convex  lights  ;  and 

every  house-keeper  whose  house  fronts 
any  street  or  lane  and  is  of  the  rent  of 
10  pounds,  and  every  person  having  the 
charge  of  a  public  building,  are  each 
required  and  obliged  in  every  dark 
night,    from    the    twenty -ninth  of 
September  until  the  twenty-fifth  day  of 
March,   to   hang   out   one  or  more 
lanthorn  or  lanthorns,  with  sujficient 
cotton-wick  candles  lighted  therein,  and 
to  continue  the  same  burning  in  every 
such  dark  night,  from  the  hour  of  six 
until  the  hour  of  eleven  of  the  same 
night," 

The  last  occasion  on  which  the  Tallow 
Chandler  Company  exercised  their 
ancient  right  and  "  destroyed  defected 
candles  "  was  in  1709.  But  the  times 
were  out  of  joint  for  such  old  customs. 
The  injured  tallow  chandlers  whose 
goods  they  destroyed  took  proceedings 
against  the  Company  for  damages — 
and  won  the  case.  Dr.  B.  Sch. 
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The  Development  of  Gaslighting  and  the  Formation  of 
the  Gas  Light  and  Coke  Co.  at  the  Commencement  of 

the  Last  Century. 


By  the  courtesy  of  the  librarian  of 
the  London  Institution  we  have  had  the 
privilege  of  perusing  an  old  volume, 
published  in  1809,  in  which  some 
account  is  given  of  the  early  stages 
of  the  formation  of  the  Gas  Light  and 
Coke  Co.  in  that  year,  and  which 
sheds  an  interesting  light  on  the  ideas 
of  the  people  of  that  time  on  illumina- 
tion. Many  of  the  remarks  also  enable 
us  to  see  how  incomprehensible  to 
many  was  the  whole  conception  of 
the  transmission  of  gas  through  pipes, 
and  how  magnificent  appeared  preten- 
sions as  regards  lighting  which  we  should 
now  regard  as  modest  in  the  extreme. 

The  first  item  in  this  work  is  an 
account  of  the  speech  of  Mr.  Van 
Voorst  to  a  meeting  of  the  proprietors 
of  the  Gas  Light  and  Coke  Co.,  held 
at  the  City  of  London  Tavern  on 
Thursday,  July  6th,  1809.  He  re- 
marks :  "I  say  that  if  this  company 
goes  to  work,  we  shall  become  the 
admiration  of  the  world,  and  we  shall 
be  able  to  say,  what  no  other  nation 
can,  that  all  our  public  roads  are  lighted 
every  night."  This,  however,  was  only 
one  of  the  things  to  be  accomplished, 
for  in  his  peroration  he  added,  "  We 
shall  be  able  to  hurl  back  this  defiance 
of  Russia  and  her  threat  of  starving 
us  for  the  want  of  tallow,  tar,  pitch, 
asphaltum,  and  nearly  the  whole  of  her 
productions."  And  finally  he  refers 
to  the  opposition  encountered  by  an 
honourable  member,  "  who  starts  up 
and  says  *  They  will  hurt  my  South 
Sea  Fishery  !  '  But  what  is  that  to 
me,  a  poor  gas  -  light  shareholder  ? 
I  answer,  '  Then  the  poor  whales  will 
live  in  greater  peace  and  grow  to  their 
intended  size  ;  for  it  is  known  that 
gentlemen  complain  that  they  cannot 
kill  the  fish  as  large  as  formerly  !  '  " 

The  proposed  new  system  of  lighting 
naturally    attracted    a  considerable 


amount  of  attention  on  the  part  of  the 
general  public.  We  notice,  for  ex- 
ample, some  humorous  verse  addressed 
to  Mr.  Winsor  and  entitled  '  An  Heroic 
Epistle,'  in  which  his  claims  are  dis- 
cussed in  the  conventional  satirical 
style  of  the  time.  Thus  the  poet 
addresses  himself  to  the  "  Scholiasts," 
who  had  hitherto  slaved  by  the  candle's 
beams,  remarking  : — 

*'Had  Winsor's  patent  lamps  to  you  been 
known, 

Blazed  in  your  glades,  in  your  Lyceum  shone  ; 
Their  lucid  nature  had  your  genius  hit, 
And  Hydrocarbon  aided  attic  wit." 

He  also  pokes  fun  at  Winsor's 
expectations  of  the  value  of  gas  for 
heating  and  lighting  greenhouses,  draw- 
ing a  picture  of  a  giant  growth  of  mush- 
rooms, puff-balls,  &c.,  under  the  influ- 
ence of  the  new  illuminant  which  calls 
to  mind  H.  G.  Wells's  imaginative 
efforts  in  'The  Food  of  the  Gods.' 
Winsor  anticipated  that  the  products 
of  combustion  of  the  patent  light 
stove,  "  light  and  caloric,  hydrogen, 
nitrogen,  carbonic  acid,  &c.,"  might  be 
more  powerful  in  stimulating  vegetation 
than  the  solar  rays  under  ordinary 
conditions. 

He  was,  indeed,  optimistic  in  some 
of  his  visions  of  countless  appli- 
cations of  his  scheme,  and  seems  to 
have  claimed  that  he  cured  himself 
of  constitutional  asthma  by  inhaling 
his  own  "  hydro-carbonic  acid  gas," 
and  to  have  invited  others  afflicted 
with  "  morbid  lungs  "  to  try  the  same 
remedy.  On  the  other  hand  there 
were  some  who  drew^  a  very  different 
picture,  and  seem  to  have  anticipated 
nothing  less  than  the  asphyxiation  of 
the  inhabitants  of  London  by  the 
products  of  combustion  of  the  gas, 
even  in  the  streets.  We  have  before  us  a 
cartoon  in  which  the  entire  population 
of  a  street  are  breathing  with  the  utmost 
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difficulty,  and  inquiring  "  Why  are  you 
funking  us  with  your  foul  smoake  ?  " 
We  are  bound  to  add  that,  unless 
the  picture  does  injustice  to  the  gas 
lamps  of  that  time,  they  cannot  be  con- 
sidered smokeless. 

Equally  interesting  are  the  questions 
put  to  many  of  the  witnesses  before 
the  Committee  dealing  with  the  Bill  of 
1809.  Gas  is  usually  referred  to  as 
"  inflammable  air."  The  question  was 
raised  whether  gas  could  take  fire 
spontaneously  in  the  pipes,  whether 
gas  issuing  from  a  leak  would  take 
fire  if  a  hght  were  applied,  whether 
the   gas   flowed   through   the  pipes 

from  its  own  elasticity  "  or  as  the 
result  of  force  applied  to  it,  and 
whether  it  was  really  possible  to  trans- 
mit gas  for  miles  in  this  way.  One 
witness  had  also  to  reassure  the  Com- 
mittee that  this  particular  illuminant 
gave  no  sparks,  and  to  explain  how  it 
was  possible  to  regulate  the  flow  of  gas 

"by  turning  a  stopper  just  like 

water  or  beer  in  a  barrel." 

The  questions  addressed  to  several 
witnesses  on  the  method  of  estimating 
the  light  from  gas  flames  show  that  the 
idea  of  the  measurement  of  light 
was  not  an  entirely  unfamiliar  one. 
Thus  Mr.  Accum  mentions  that  he 
measured  the  light  by  Count  Rum- 
ford's  method  ;  he  evidently  despaired 
of  explaining  its  nature"^  to  Com- 
mission, however,  for  he  added,  "if 
I  were  to  speak  for  about  an  hour,  I 
could  convey  some  notion  of  it." 

Very  interesting,  too,  are  the  par- 
ticulars stated  by  this  witness  regarding 
the  new  light.  He  described  the  gas 
flame  as  "  A  vivid  white  ;  a  brilliant 
light  " — a  description  which  would 
hardly  be  concurred  in  to-day,  with  the 
incandescent  mantle  at  our  disposal. 
When  invited  to  say  whether  it  was 
"  as  dazzling  as  the  Argand  lamp," 
he  declared  that  it  was  "  of  equal 
sxilendour."    We  get  a  very  vivid  idea 


of  the  inefficiency  of  the  street  lighting 
in  pre-gas  days  from  his  statement  of 
the  capacity  of  the  average  parish  oil 
lamp.  There  were  at  this  time  several 
newly  installed  gas  lamps  in  Pall  Mall, 
and  each  one  of  these  was  stated  to 
give  as  much  light  as  18  parish  lamps  ! 
Yet  another  witness  states  that  these 
parish  lamps,  having,  according  to  the 
above  estimate,  an  intensity  of  about  I  of 
a  candle-power,  were  usually  30  ft.  to 
40  ft.  apart.  It  was  also  stated  that 
the  gas  flame  and  the  candle  gave  an 
illumination  in  the  proportion  of  three 
to  one,  and  the  Committee  then  wanted 
to  know  whether  this  meant  that  "  it 
will  throw  a  given  amount  of  light 
three  times  the  distance."  The  witness 
said  he  had  not  tried  that  experiment  ! 

A  very  good  point  was,  however, 
made  by  one  member  of  the  Com- 
mittee who  had  evidently  some  clear 
ideas  on  the  subject  of  the  distribution 
of  light  for  street  illumination.  What 
he  desired  was  uniformity,  and  he 
asked  whether,  as  a  gas  flame  gave 
three  times  the  light  of  a  candle,  the  one 
gas  lamp  would  give  the  same  illu- 
mination at  any  point  as  when  three 
candles  at  given  intervals  were  used. 

Finally,  we  may  refer  to  the 
evidence  of  a  Mr.  Lee,  who  was 
cross-examined  on  his  views  on  the 
relative  intensity  of  certain  lamps  in 
neighbouring  localities.  He  was  natu- 
rally asked  whether  he  had  with  him 
any  light  by  which  to  judge  in  making 
such  a  comparison  between  lamps 
which  were  in  different  streets,  and 
therefore  not  visible  at  the  same  time. 
He  admitted  that  the  comparison  was 
made  from  recollection.  But  he  added, 
"  the  habit  of  looking  at  those  things 
familiarizes  one  to  them."  This,  in- 
deed, is  a  plea  which  has  a  strangely 
familiar  ring,  even  in  our  own  days, 
when  the  measurement  of  light  has 
become  such  a  vastly  better  known 
process. 
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A  "  Universal "  and  Simple  Form  of  Self-Regulating  Arclamp. 

SUMMARY. 

After  describing  several  types  of  arc  lanaps  utilizing  inclined  carbons  and  with  simple  regulating  arrange- 
ments, the  author  describes  a  new  lamp  in  which  no  complicated  regulating  apparatus  is  employed,  and  in 
which  ordinary  round  carbons  are  'used.  The  chief  qualities  of  the  lamp  are  described  and  reference  is  made 
to  a  number  ot  physical  phenomena  connected  therewith. 

By  Prof.  Bermbach  (Cologne). 


Attempts  have  already  been  made  to 
construct  arc  lamps,  having  either  in- 
clined or  vertical  carbons,  and  utilizing 
no  complicated  regulating  mechanism. 
For  example,  Beck*  has  recently  con- 
structed a  lamp  of  this  type.  In  this 
lamp  the  negative  electrode  is  sup- 
ported, being  provided  with  a  pro- 
jecting rib  which  rests  on  a  metal 
support  in  the  form  of  a  conical  roller. 
The  movements  of  the  positive  and 
negative  electrodes  ar€  mutually  de- 
pendent. 

The  current  enters  at  the  upper 
end  of  the  positive  carbon,  flows 
through  this  and  also  through  the  arc, 
and  then  out  by  means  of  the  metallic 
support  ;  thus  it  does  not  pass  down 
the  whole  length  of  the  negative  car- 
bon, so  that  the  total  fall  of  P.D.  in 
the  carbons  is  reduced.  In  order  to 
reduce  fluctuations  of  current  to  a 
minimum  a  series  resistance  composed 
of  a  material  having  a  high  temperature 
co-eflicient,  such  as  iron,  is  used  ;  the 
thin  iron  wires  composing  this  resistance 
are  inserted  in  tubes  filled  with  hydro- 
gen, in  a  somewhat  similar  manner  to 
the  Nemst  series  resistance. 

Mention  may  also  be  made  of  the 
Janecek  lampf  which  is  constructed 
by  the  A. E.G.  in  Berlin.  An  iron 
strip,  having  teeth  at  regular  intervals 
along  its  length,  is  inserted  into  and 
projects  from  the  positive  carbon.  The 
lowest  tooth  rests  on  a  porcelain 
support  slightly  above  the  arc.  The 
temperature  of  this  tooth  is  gradually 
raised  by  conduction  and  radiation,  and 
tends  to  continually  increase  as  the 
positive  carbon  burns  away.  Even- 

*  Elektrot.  ZeiUchrift,  1907,  p.  992. 
t  Elektrot.  Zeitschrift,  1909,  p.  343. 


tually  the  tooth  slips  past  the  support 
and  allows  the  positive  carbon  to  fall 
and  with  it  the  negative. 

Very  recently  the  Regina  Company? 
in  Cologne,  have  also  brought  out  a 
lamp  without  mechanism,  employing 
carbons  of  the  ordinary  round  type, 
i.e.,  without  projecting  ribs,  teeth,  &c. 
This  lamp  is  shown  in  Fig,  1.  The 


Fig.  1 — View  of  Parts  of  "  Conta  "  Lamp. 

negative  carbon,  P,  which  occupies  a 
vertical  position,  rests  with  its  lower 
end  on  a  support,  K.  By  releasing 
a  screw  this  support  can  be  slightly 
adjusted,  and  is  so  arranged  that  only 
the  outer  edge  of  the  cathode  rests 
thereon  (see  Fig.  2).  The  movements 
of  the  carbons  are  interdependent. 
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When  the  arc  is  struck  the  cathode 
points  itself  so  that  the  point  rests 
on  the  support.  (We  shall  see  later 
what  is  the  explanation  of  this  "  point  " 
being  formed.) 

The  support  forms  a  part  of  the 
angular  lever,  D,  which  is  capable  of 
rotation  about  a  horizontal  axis.  The 
upper  part  of  this  lever  carries  the  hori- 
zontal clutch,  E.  The  arm  attached  to 
this  clutch  receives  the  weight  of  the 
carbon  and  carbon-holder,  and  is  thus 
pressed  against  the  negative  carbon  ; 
at  the  same  time  the  carbon  is  forced 
against  the  inner  edge  of  the  aper- 
ture through  which  it  passes.  In 
addition,  since  somewhat  thin  carbons 
are  employed,  the  negative  carbon 
bends  slightly  under  the  pressure.  The 
clutch-arrangement  thus  admirably 
answers  the  purpose  of  relieving  the 
point  from  excessive  pressure.  The 
premature  breaking  away  of  the  point 
is  thus  hindered,*  and  the  building  up 


no  longer  supported,  and  falls  out  of 
its  holder  into  the  ash-pan  below. 

The  striking  of  the  arc  is  accom- 
pliahed  in  the  usual  way  by  the  action 
on  an  iron  core  of  the  solenoid,  A. 
The  number  of  turns  in  the  solenoid 
is,  however,  so  proportioned  that  an 
excess  of  current  of  even  50  per  cent 
does  not  occasion  any  sinking  of  the 
iron  core.  The  carbons  thus  remain 
the  same  distance  apart,  and  the  arc 
is  not  influenced  in  any  way  by  this 
striking  solenoid.  A  blow-magnet, 
M,  is  fixed  on  the  upper  side  of  the 
economizer,  of  which  more  will  be  said 
later. 

Let  us  now  turn  to  some  of  the 
physical  phenomena  connected  with 
this  new  "  Conta-Lamp "  as  it  is 
termed.  The  question  arises,  How  are 
we  to  explain  the  formation  of  the 
point  on  the  lower  end  of  the  negative 
carbon  ?  I  was  originally  of  the 
opinion  that  the  sole  explanation  lay 
in  the  heat  communicated  by  the 


Fig.  2. 


Fig.  3. 


of  a  long  point  rendered  possible.  If, 
however,  the  supporting  point  does 
break  away,  the  pressure  of  the  clutch 
is  released  and  the  carbon  allowed  to 
drop. 

By  the  aid  of  the  simple  mechanism 
described  above,  the  lamp  is  auto- 
matically cut  out  of  circuit  when  the 
carbons  have  burned  away  to  a  certain 
point.  For  if  the  negative  carbon 
bums  so  low  that  its  extremity  is  very 
near  the  clutch-arm,  the  latter  presentJy 
passes  above  the  holder  and  then 
draws  tlie  angle-lever  in  such  a  way  as 
to  remove  the  support  from  the  point 
above  it ;  the  negative  carbon  is  thus 

*  We,  aiT  only  concerned  here  with  the  detachment  of 
very  fine  particles. 


supported  carbon  to  the  metallic 
support  below  it.  Owing  to  this  con- 
duction of  heat  the  portion  of  the 
carbon  in  actual  contact  with  the 
metallic  support  will  have  a  lower 
temperature  than  the  portions  which 
are  more  distant.  Consider  now  the 
electrode  (E  in  Fig.  2)  to  be  divided 
into  a  series  of  layers  by  planes  which 
are  perpendicular  to  the  direction  of  the 
current  through  the  arc,  as  indicated 
by  the  dotted  lines  in  the  figure.  Then 
it  may  be  supposed  that  the  tempera- 
ture of  layer  1,  and  hence  also  the 
rate  of  burning  away  of  this  layer,  is 
greater  than  in  the  case  of  layer  2  ; 
the  burning  away  in  the  latter  case 
will,  in  turn,  be  presumably  greater 
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than  in  the  case  of  layer  3,  and  so  on. 
The  carbon  would  thus  assume  the 
shape  indicated  in  Fig.  3. 

More  recent  researches,  however, 
led  me  to  the  discovery  that  a  point 
of  exactly  the  same  nature  is  formed 
when  the  supporting  piece  is  composed 
of  some  badly  conducting  material,  and 
I  am  therefore  inclined  to  suppose 
that  the  access  of  air  to  the  carbon, 
at  its  point  of  support,  plays  an  im- 
portant role  in  determining  the  forma- 
tion of  this  point.  As  the  hot  gases 
from  the  arc  stream  upwards,  to  be 
replaced  by  cooler  air  from  the  atmo- 
sphere, it  is  evident  that  a  part  of  the 
carbon  will  be  shielded  by  its  support 
from  the  rising  stream  ;  and  this  will 
be  specially  true  of  the  portions  in  the 
immediate  neighbourhood  of  the  area 
of  contact.  Now  the  upward  course 
of  the  heated  air  is  best  represented, 
not  by  the  column  1  (Fig.  4),  but 
rather  by  column  2.  Returning,  there- 
fore, to  the  consideration  of  the 
supposed  layers  in  the  electrode,  it 
would  appear  that  most  air  strikes  the 
layer  1  and  least  the  layer  3.  The 
greater  part  of  the  negative  carbon, 
which  wastes  away  at  the  point  of  con- 
tact, combines  with  oxygen  without 
being  influenced  in  doing  so  by  the 
passage  of  the  electric  current.  The 
effect,  however,  varies  from  layer  to 
layer,  being  least  in  the  case  of  layer  3  ; 
the  carbon  must,  therefore,  tend  to 
become  pointed. 

In  the  Gonta  Lamp  it  is  of  con- 
siderable consequence  that  this  point 
should  be  a  long  and  fine  one.  The 
arc  naturally  tends  to  locate  itself  on 
the  uppermost  point  of  the  carbon 
as  the  temperature  is  there  greatest  ; 
as  a  result  the  support  itself  does  not 
come  into  actual  contact  with  the  arc, 
and  is,  therefore,  not  melted  or  con- 
verted into  vapour,  as  might  otherwise 
be  the  case.  In  this  connexion  it  may 
be  noted  that  a  protecting  layer  of 
oxide  is  usually  formed  on  the  surface 
of  this  support. 

The  question  may  next  be  raised 
whether  the  unsupported  positive 
carbon  (the  motion  of  which,  as  ex- 
plained above,  is  connected  with  that 
of  the  negative),  may  not,  owing  to 


inequalities  in  the  material  or  other 
causes,  become  shorter  or  longer  than 
the  negative,  with  the  result  that  the 
arc  may  also  become  too  short  or  too 
long.  In  this  connexion  it  may  be 
pointed  out  that  in  practice  we  are  not 
so  much  concerned  with  the  absolute 
length  of  the  arc  as  with  the  relative 
changes  which  take  place  ;  moreover, 
the  length  of  the  arc  itself  is  not  the 
same  as  the  distance  between  the  points 
of  the  carbons  ;  for  the  effect  of  the 
blow-magnet  is  to  spread  the  arc 
outwards  and  to  tend  to  increase  its 
length.  As  a  result  a  temporary 
alteration  in  the  distance  between  the 
carbons  has  only  a  relatively  small 
effect  on  the  length  of  the  arc. 


That  no  very  appreciable  difference 
in  length  of  the  positive  and  negative 
carbons  actually  arises  is,  in  my 
opinion,  largely  to  be  ascribed  to  the 
action  of  the  economizer.  Imagine, 
for  instance,  that  the  positive  carbon 
bums  away  too  rapidly  so  that  its  tip 
retreats  into  the  economizer.  Now 
the  wasting  away  of  the  positive  carbon 
can  be  attributed  to  two  distinct  causes. 
First  there  is  the  loss  due  to  vapouriza- 
tion  in  order  to  provide  a  bridge  of 
vapour  and  enable  the  current  to  con- 
tinue flowing. 

Secondly,  part  of  the  carbon  is 
merely  oxidized  without  being  con- 
verted into  vapour.  That  this  last 
effect  is  the  predominant  one  is  shown 
by  the  behaviour  of  the  enclosed  arc- 
lamp. 
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Now  when  the  positive  carbon-tip  is 
withdrawn  into  the  economizer  some- 
what, as  explained  above,  the  access  of 
air  to  it  is  naturally  hindered,  for  the 
space  within  the  economizer  is  mainly 
filled  wdth  the  heated  gases  developed 
in  the  arc,  which  are  naturally  rela- 
tively poor  in  oxygen.  Just  in  the 
same  way,  if  the  positive  carbon  tends 
to  become  too  long,  its  end  projects 
outside  the  economizer  into  the  region 
where  more  oxygen  is  available,  and 
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As  a  matter  of  fact,  however,  the 
P.D.  across  the  lamp  only  undergoes 
relatively  slight  fluctuations  in  practice; 
this  is  shown  in  Fig.  5.  The  most 
marked  points  in  this  curve  are  to  be 
ascribed  to  irregularities  in  the  carbons  ; 
or  they  may  possibly  occur  at  moments 
when  the  carbon  feeds  owing  to  the 
breaking  away  of  fine  particles  from 
the  supporting  point.  As  a  com- 
parison the  behaviour  of  a  differential 
lamp  using  inclined  carbons  of  the  same 
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Fig.  5.— Fluctuations  in  Pressure  of  the  '*  Conta  "  lamp. 


its  rate  of  wasting  away  is,  therefore, 
accelerated  until  it  again  attains  its 
proper  length.  Thus  the  effect  of  the 
economizer  is  to  act  as  an  automatic 
regulator  of  the  rate  of  wasting  of  the 
carbons. 

The  P.D.  across  the  lamp,  moreover, 
is  only  slightly  affected  by  alterations 
in  the  arc -length,  since  the  fall  of 
potential  in  the  vapour  of  the  arc  is  but 
a  comparatively  small  fraction  of  the 
total  P.D.  between  the  electrodes.  The 
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variety  as  those  employed  in  the  Conta 
lamp  may  be  studied.  This  is  shown 
in  Fig.  6,  and  it  will  be  noted  that  the 
fluctuations  are  more  pronounced  than 
in  the  case  of  Fig.  5. 

The  blow-magnet  plays  a  yet  more 
important  role  in  the  Conta  lamp  than 
in  the  case  of  ordinary  lamps  with 
inclined  carbons.  Let  us  suppose  that 
the  current  flowing  through  the  arc 
increases  owing  to  the  presence  of  some 
chance  lack  of  uniformity  in  the  carbons 
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Fig.  6. — Fluctuations  in  Pressure  of  Differential  Arclamp  with  inclined  carbons. 


chief  fall  of  potential  occurs  at  the 
surface  of  the  anode  in  contact  with 
the  arc-vapour,  and  there  is  another 
drop,  much  smaller  however,  at  the 
cathode.  In  this  respect  one  might 
compare  the  arc  with  an  electrolytic 
cell  in  which  there  is  a  considerable 
fall  of  potential  due  to  polarization, 
though  the  cell  possesses  a  small  ohmic 
resistance. 


which  induces  them  to  feed  together. 
The  field  of  the  blow-magnet  is  streng- 
thened thereby,  and  drives  the  arc 
upwards  with  increased  vigour.  The 
arc  is  thus  both  lengtliened  and  spread 
out  ;  moreover  it  tends  to  wander 
towards  the  edge  of  the  carbons,  its 
apparent  resistance  rises,  and  the 
current  is  correspondingly  decreased. 
The  converse  process  takes  place  when 
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the  carbons  are  too  far  apart.  The 
blow-magnet  is  also  of  service  in  pre- 
venting the  position  of  the  arc  being 
appreciably  affected  by  the  positive 
carbon  burning  too  quickly  or  too 
slowly.  Thus  if  the  positive  carbon 
bums  away  too  rapidly  the  arc  assumes 
a  position  such  that  its  distance  from 
the  blow-magnet  is  reduced ;  it  is 
therefore  driven  back  to  its  former 
position. 


And  now,  when  the  irregularity 
in  the  carbons  that  primarily  caused 
this  disturbance  has  passed  away,  the 
distance  apart  of  the  carbons  is  again 
incorrect,  the  current  becomes  too 
weak,  and  the  carbons  must  be  fed 
together  once  more.  We  see,  there- 
fore, that  a  want  of  uniformity  in  the 
carbons  gives  rise  to  four  distinct 
alterations  in  the  current,  namely, 
(1)  that  produced  originally  by  the 
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Fig.  7. — Fluctuations  in  current  through  "Conta  "  lamp. 
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It  is  a  somewhat  remarkable  fact 
that  fluctuations  in  current  in  the 
Conta  lamp  are  both  less  frequent  and 
less  marked  than  is  usually  the  case  for 
a  lamp  with  an  ordinary  so-called 
regulating  mechanism.  This  is  illus- 
trated by  figures  7  and  8.  This  effect 
may  be  explained  as  follows  : — Suppose 
that  in  a  differential  lamp  the  carbons 
approach  too  close  together,  for  the 
reasons  stated  above.  As  a  result  the 
main  current  is  increased  during  a  short 


irregularity,  (2)  that  arising  from  the 
subsequent  regulation,  (3)  that  occur- 
ring when  the  irregularity  passes  away, 
and  (4)  that  taking  place  when  the 
regulating  mechanism  once  more  comes 
into  action. 

Now  had  the  lamp  possessed  no 
regulating  mechanism,  the  want  of 
uniformity  in  question  would  have 
given  rise  to  only  two  alterations  in  the 
current. 

The  new   lamp   is  described  as  a 
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Fig.  8— Fluctuations  in  current  through  a  differential  arc  lamp. 


period  of  time  and  this  sets  the  mechan- 
ism in  operation.  The  carbons  are 
then  drawn  apart  and  probably,  on 
account  of  the  inertia  of  the  moving 
parts,  more  than  is  necessary.  The 
shunt-coil  then  comes  into  play  and 
the  carbons  are  in  turn  brought  nearer 
together  again.  In  this  way  there 
arise  needless  fluctuations  set  ap  by 
the  regulating  mechanism. 


"  Universal  "  lamp  because  any  kind 
of  carbons,  e.g.,  pure,  impregnated,  or 
flame  varieties,  may  be  used  in  one  and 
the  same  lamp  ;  also  because  the  lamp 
can  be  used  for  either  direct  or  alternat- 
ing circuits  without  changing  the  car- 
bons. It  may  be  mentioned,  how- 
ever, that  this  quality  of  universaHt^^ 
does  not  extend  to  the  diameter  of  the 
carbons  or  the  current.    For  instance, 
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if  it  is  desired  to  replace  the  existing 
carbons  by  thicker  ones,  the  carbon- 
holder,  etc.,  must  also  be  changed. 
In  addition,  the  series  resistance  em- 
ployed does  not  allow  any  very  con- 
siderable afteration  in  the  current. 

In  conclusion,  attention  may  be 
drawn  to  an  important  distinction 
between  the  "  Conta "  and  other 
lamps  of  the  same  type.  With  the 
Conta  lamp  carbons  fitted  with  pro- 
jecting ribs,  teeth,  &c.,  are  unnecessary, 
and  the  carbons  of  the  ordinary  variety 
can  be  used.  In  addition,  the  support 
of  the  carbon  in  the  Conta  lamp 
is  not  utihzed  to  carry  the  current,  and 
the  risk  of  the  arc  travelling  to  the 
support  is  thus  avoided.  This  is  a 
thing  which  might  otherwise  happen 
when  the  contact  between  carbon  and 
support  is  imperfect,  owing  to  oxidation, 
&c.  In  addition,  it  is  not  necessary 
that  the  surface  of  the  support  should 


even  be  metallic  ;  and,  lastly,  unlike 
the  mechanism  employed  in  some 
other  types  of  lamps,  the  feeding  of  the 
carbons  in  the  Conta  arrangement 
depends  directly  and  solely  on  the 
burning  away  of  the  negative  carbon, 
and  is  not  affected  by  other  local  con- 
ditions. 

Again,  the  so-called  regulator  used 
as  a  series  resistance  in  the  Beck  lamp 
must,  in  order  to  fulfil  its  purpose,  be 
able  to  vary  in  temperature  very 
rapidly ;  it  must  therefore  consist 
of  thin  wires  which  carry  a  relatively 
large  current,  and  the  wire  must  be 
habitually  overloaded.  If  the  current 
happens  to  assume  an  unusually  high 
temporary  value,  there  is  a  danger  of 
the  wire  burning  through.  Big  varia- 
tions in  current  are  avoided  in  the  case 
of  the  Conta  lamp  by  the  use  of  parallel 
carbons  and  an  ordinary  series  resist- 
ance suffices. 


An  Interesting  Electrical 
Sign. 

New  York  seems  to  be  particularly 
well  served  in  the  matter  of  ingenious 
illuminated  electrical  signs.  In  a  recent 
number  of  The  Electrical  World  of  New 
York  we  notice  a  reference  to  several 
interesting  examples,  one  of  which 
will  be  seen  in  the  adjoining  illustration. 
This  sign  is  located  at  Times  Square, 
a  position  in  the  heart  of  the  hotel 
and  theatre  district,  where,  it  is  esti- 
mated, 300,000  to  400,000  persons  pass 
every  twenty-four  hours. 

The  lady  shown  in  the  sign  is  40  ft. 
high  and  her  parasol  is  15  ft.  in  diameter. 
The  movements  of  her  skirt  in  the 
wind  and  the  falling  rain  are  realistic- 
ally reproduced  by  the  aid  of  flashing 
electrical  lamps,  the  impression  of 
falling  drops  of  rain,  it  is  said,  being 
very  striking. 
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The  Fundamental  Laws  of  : 
Photometric 

On  December  10th,  1909,  Mr.  Jacques 
Abady  delivered  a  lecture  at  the 
Cripplegate  Institute  before  the  London 
and  Junior  Gas  Association.  The  sub- 
ject of  the  lecture  was  announced  to  be 
"  Light  and  some  Reflections,"  but 
it  was  mainly  devoted  to  the  discussion 
of  the  basis  of  modern  photometrical 
measurements. 

Mr.  Abady  began  his  lecture  by  ex- 
plaining the  difference  in  definitions 
and  measurements  on  an  empirical 
basis  from  those  based  on  accurate  and 
exact  laws.  A  purely  empirical  result 
would  be  one  depending  on  observation 
alone. 

Mr.  Abady  then  proceeded  to  give 
instances  of  things  which  were  and  were 
not  empirical  in  their  nature.  Thus  it 
might  be  said  that  the  arbitrary 
selection  of  a  certain  length  as  the  foot, 
and  the  standard  of  length,  was  em- 
pirical, but  there  was  nothing  empirical 
in  the  thing  itself,  which  was  exactly 
known,  was  quite  definite  in  its  nature, 
and  was  subject  to  accurate  verification. 

Proceeding  to  the  subject  of  photo- 
metry, the  lecturer  mentioned  that 
there  was  nothing  empirical  about  the 
law  of  distances,  the  fundamental  law 
of  photometry,  although  we  might 
misapply  it.  This  law  stated  that  the 
amount  of  light  falling  directly  on  a 
surface  was  inversely  proportional  to 
the  square  of  the  distance  of  the  source 
from  the  surface.  There  was  also 
another  law  applying  to  photo- 
metry, the  cosine  law,  which  stated 
that  the  amount  of  illumination  re- 
ceived on  a  surface  was  proportional  to 
the  cosine  of  the  angle  of  incidence 
of  the  rays.  Though  this  law  might  be 
true  as  regards  the  light  received  by  the 
surface,  however,  we  must  remember 
that  the  apparent  brightness  of  the 
surface  depended  on  the  light  reflected 
from  it,  and  therefore  the  exact 
application  of  the  law  to  photometry 
had  strict  limitations.  He  himself 
would  prefer  not  to  rely  on  it  in  making 
measurements,  and  he  thought  it  was 
best  avoided. 

In   the   present   days   when  new 
methods  of  illumination  were  arising 


Photometry  and  the  Basis  of 
Measurements. 

and  we  had  at  our  disposal  many 
remarkable  advances  on  the  old  flat 
flame  burner,  it  was  very  essential  that 
the  photometrical  measurements  on 
which  the  claims  of  the  respective 
systems  were  based  should  be  exact.  A 
very  good  illustration  was  presented  by 
the  case  of  street-lighting.  Here  the 
battle  between  the  various  illuminants 
would  be  fought  out  on  the  question 
which  was  best  able  to  illuminate  a 
given  area  with  a  certain  intensity. 
In  this  connexion  the  lecturer  men- 
tioned an  experience  of  his  own  when 
Chairman  of  the  Works  Committee  of 
the  Westminster  City  Council.  A 
gentleman  had  been  run  over  in 
Hanover  Square,  and  the  jury  at  the 
inquest  expressed  the  opinion  that  the 
square  was  insufficiently  illuminated. 
Yet  in  Hanover  Square  there  were  six 
arc  lamps  taking  40  volts  and  10  amperes 
each,  and  in  addition  there  was,  at 
the  particular  point  where  the  gentle- 
man was  run  over,  an  incandescent 
lamp  with  three  burners.  Moreover, 
the  arclamps  were  not  more  than  about 
30  or  40  ft.  away.  He  thought  it  was 
possible  that  the  jury,  in  advancing  the 
view  that  the  square  was  inadequately 
lighted,  were  influenced  by  the  adjacent 
brilliant  lighting  of  Oxford  and  Regent 
Streets.  Regarded  by  itself,  the  square 
would  be  considered  properly  lighted, 
but  it  appeared  not  to  be  so  by  contrast . 
This  showed  the  necessity  that  any  one, 
in  criticizing  street-lighting,  should  be 
sure  of  his  ground  and  be  able  to  back 
his  judgment  by  reference  to  definite 
data. 

Turning  next  to  the  measurement 
of  the  candle-power  of  sources  of  light, 
Mr.  Abady  drew  a  distinction  between 
the  light  produced  by  a  lamp  and  what 
was  termed  the  "  illuminating  effect  " 
at  a  certain  place  in  an  interior,  &c. 
In  modern  photometry  it  was  a  recog- 
nized necessity  not  to  be  content  \yith 
measurement  in  a  single  direction, 
but  to  undertake  measurements  at  a 
series  of  angles.  This  was  rendered 
necessary  by  the  fact  that  sources  were 
no  longer  all  of  the  same  type,  and 
nowadays  the  nature  of  the  distribution 
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of  light  in  different  directions  was  quite 
distinct  in  the  case  of  different  lamps. 

As  regards  "  illuminating  effect  "  the 
lecturer  pointed  out  that  the  difficulty 
involved  in  framing  a  precise  method  of 
testing  on  these  lines  was  that  the 
brightness  and  visibility  of  illuminated 
objects  did  not  only  depend  on  the 
intensity  of  illumination  to  which  they 
were  subjected,  but  on  their  own 
reflective  power.  Any  one  had  only  to 
observe  the  difference  in  the  appearance 
of  Whitehall  on  a  wet  night  and  a  dry 
night  to  appreciate  this. 

Mr.  Abady  next  proceeded  to  discuss 
the  various  methods  of  achieving 
testing  the  light  from  a  source  in 
different  angles.  He  pointed  out  that 
when  one  was  testing  light  at  any  par- 
ticular angle,  one  could  not  very  well 
adjust  the  illumination  on  the  photo- 
meter screen  by  altering  the  position 
of  the  photometer  between  the  sources. 
For  directly  one  changed  its  position  one 
also  changed  the  angle  at  which  the  rays 
of  light  came  to  it  from  the  source 
investigated. 

It  might  be  possible  to  move  the 
standard.  This  could  be  done,  but  it 
was  often  inconvenient,  especially  in  the 
case  of  a  standard  like  the  10  candle- 
power  Harcourt  Pentane,  which  was  not 
exactly  portable.  It  was  therefore 
necessary  to  utilize  some  form  of 
standard  of  a  more  portable  nature, 
such  as  the  electrical  incandescent 
lamp  ;  he  frequently  used  such  lamps 
himself,  and  they  had  certain  advan- 
tages for  this  work.  It  was,  of  course, 
used  as  a  secondary  standard  cali- 
brated from  an  original  standard  of 
light.  On  the  other  hand,  if  one  was 
in  a  place  where  electricity  was  not 
available,  one  could  utilize  what  he 
considered  a  very  satisfactory  sub- 
standard, namely,  an  Argand  burner 
with  a  screen  in  front  of  it  having 
adjustable  shutters.  Another  method 
of  using  the  Argand  in  this  way  was  to 
bring  tlie  standard  quite  close  to  the 
phot()m(;t(;r,  couple  both  together,  and 
then  deterrnine  the  illumination  of  the 
photometer-disc  by  moving  both  photo- 
meter and  Argand  together  until 
equality  was  obtained  by  reference 
to  a  Harcourt  Standard.  One  could 
tlien    calculate    the   illumination  of 


the  photometer  disc  in  the  usual 
way. 

In  passing  Mr.  Abady  remarked  that 
although  he  had  at  one  time  con- 
sidered tests  of  M.Sph.  C.  P.  essential, 
he  had  since  come  to  the  conclusion 
that  a  knowledge  of  the  distribution 
curve  and  also  of  the  candle-power  in 
the  lower  hemisphere  represented  what 
was  chiefly  necessary. 

In  his  previous  remarks  Mr.  Abady 
had  referred  chiefly  to  laboratory 
testing.  He  next  proceeded  to  con- 
sider the  conditions  to  be  met  in  testing 
in  the  streets.  Here  a  moving  measur- 
ing arrangement  was  necessary,  and 
although  a  very  wide  range  was  often 
necessary,  owing  to  the  difference  in 
the  intensity  of  the  illumination  to  be 
tested,  one  was  usually  limited  in 
space  that  could  be  allotted  to  the 
apparatus .  There  were  several  methods 
which  had  been  adopted  to  meet  these 
requirements,  for  example,  the  Fox- 
Talbot  variable  rotating  sector.  This, 
however,  had  the  drawback  that  special 
apparatus  was  needed  to  spin  the  disc, 
and  there  might  be  something  empirical 
in  its  calibration. 

Then  there  was  the  method  of  alter- 
ing the  inclination  of  the  illuminated 
surface .  Unfortunately  for  this  method 
one  could  not  secure  a  reflecting  sur- 
face which  did  not  result  in  a  great 
deal  of  regular  reflection,  and  it  was 
impossible  to  rely  upon  the  cosine  law. 
Mr.  Trotter,  who  first  utilized  this 
method,  had  stated  that  a  perfect 
surface  from  this  standpoint  was 
unnecessary  because  the  instrument 
could  be  graduated  by  experiment,  but 
this,  again,  involved  "  empiricism." 
The  lecturer  then  proceeded  to  criticize 
somewhat  severely  several  types  of 
instruments  mentioned  in  the  Cantor 
Lectures  on  Illumination  before  the 
Royal  Society  of  Arts.  {Jour,  of  the 
Society  of  Arts,  Sept.  3,  1909.) 

[In  our  opinion  Mr.  Abady  would  have 
done  better  to  liavo  confined  liimself  to 
tlie  discussion  of  scientific  principles, 
and  to  have  refrained  from  embarking 
upon  controversy  of  this  kind.  Moreover 
his  criticism  of  the  Cantor  Lectures  is 
based  on  an  entire  misconception  a^  to 
their  object.  Those  loctiu'es  dealt  not 
with  j)hot()ni(5try,  but  with  the  whole  field 
of   illumination.      Mr.    Abady  ought 
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therefore,  to  remember  the  enormous 
ground  to  be  covered,  which  rendered 
it  impossible  to  devote  more  than  a  few 
pages  to  the  whole  subject  of  johoto- 
metry,  or  to  embark  upon  a  critical 
discussion  of  different  typeg  of  instru- 
ments. All  that  was  done  was 
to  describe  briefly  a  few  types  in 
order  to  convey  the  impression  that  the 
measurement  of  light  and  illumination 
was  now  a  recognized  and  practical 
process.  References,  however,  are  given 
to  sources  where  fuller  information  can 
be  obtained.  It  may  be  added  that 
Mr.  Gaster  holds  no  brief  for  any 
particular  instrument,  and  was  anxious 
to  arrange  for  the  exhibition  of  all  types 
of  apparatus  deserving  attention.  On 
the  occasion  referred  to  Mr.  Abady  was 
especially  invited  to  exhibit  his  instru- 
ment^  but  after  having  promised  to  do  so, 
excused  himself  at  the  last  minute. — Ed.] 

Mr.  Abady  wound  up  his  lecture  by 
describing  a  type  of  instrument  devised 
by  him  into  which,  he  said,  nothing 
empirical  entered.  A  small  globe  with  a 
whitened  diffusing  interior  and  contain- 
ing a  small  glowlamp  was  utilized  as  the 
sub-standard.  In  a  globe  of  this  kind 
a  perfectly  uniform  interior  illumina- 
tion could  be  obtained.  In  front  of 
an  aperture,  15  millimetres  square,  in 
the  wall  of  the  sphere  is  placed  an 
adjustable  diaphragm,  and  by  the 
motion  of  a  shutter  across  the  aperture 
the  luminous  area  could  be  gradually 
reduced  according  to  a  definite  law.  The 
amount  of  area  exposed  constituted 
the  source  of  light  and  was  used 
to  illuminate  one  side  of  the  disc 
of  a  direct  coupled  flicker  photometer. 
The  other  side  of  the  photometer  disc 
received  light  from  the  source  to  be 
tested.  Measurements  could  thus  be 
made  without  moving  either  the  stand- 
ard or  the  photometer.  The  travel 
of  the  shutter,  and  the  area  of  the  sur- 
face exposed,  was  registered  on  a  drum. 
The  voltage  across  the  glow  lamp  was 
adjusted  until,  when  the  intensity 
of  illumination  on  the  flicker  disc  was 
1  candle-foot,  the  reading  on  the  drum 
was  100  ;  since  the  scale  on  the  drum 
was  a  proportional  one  a  reading  of 
say  90  or  210  would  then  indicate 
0*9  or  2'1  foot-candles  respectively. 
He  thought  that  they  had  here  a 
method  which  had  nothing  empirical 
about  it. 


The  President  (Mr.  W.  J.  Liberty) 
having  invited  discussion,  Mr.  J.  G. 
Clark  said  that  he  approved  of  Mr. 
Abady 's  decision  in  favour  of  the  mean 
lower  hemispherical  candle-power  rather 
than  the  mean  spherical  value.  He 
thought,  however,  that  the  value  would 
not  be  of  much  service  unless  accom- 
panied by  the  distribution  curve  for  the 
lower  hemisphere.  He  was  also  specially 
interested  in  the  use  of  an  Argand 
burner  with  a  shuttered  screen  in  front 
of  it.    This  somewhat  resembled  the 
Methven  screen.    It  seemed  to  him, 
however,   a  point   to   be  considered 
where  the  centre  of  illumination  of 
such  an  arrangement  would  lie.  Finally 
Mr.    Clark    drew    attention    to  the 
definition  of  intensity  of  illumination 
as  being  independent  of  the  nature  of 
the  surface  and  depending  only  on  the 
value  of  the  incident  light.  For  instance, 
Mr.  A.  P.  Trotter  had  illustrated  this 
conception  by  the  analogy  of  rainfall, 
which  was  independent  of  the  nature 
of  the  ground,  though  the  degree  of 
wetness  of  the  ground  of  course  was 
not. 

Dealing  with  these  comments,  Mr. 
Abady  said  it  was  necessary  to  con- 
sider both  factors — the  strength  of  the 
incident  illumination  and  the  surface — 
in  order  to  get  a  proper  measure  of  the 
"  illuminating  effect."  With  regard  to 
the  radiant  centre  of  the  Argand  flame, 
the  position  of  this  was  immaterial  in 
the  double  comparison  arrangement 
he  had  described.  As  a  matter  of  fact, 
however,  it  was  customary  to  measure 
from  the  centre  of  the  flame. 

Mr.  J.  S.  Dow  said  that  he  was  the 
bearer  of  a  message  from  Mr.  Gaster, 
the  Hon.  Secretary  of  the  Illuminating 
Engineering  Society,  who  had  been 
kindly  invited  by  the  Chairman,  but 
w^as  unavoidably  detained  by  a  previous 
engagement. 

He  had  Ustened  with  great  interest  to 
Mr.  Abady's  lucid  exposition  of  photo- 
metrical  principles,  and  heartily  en- 
dorsed his  remarks  on  the  need  for 
exact  photometrical  measurement, 
especially  in  these  days  when  so  manv 
different  systems  of  illumination  were 
available.    Much  confusion  was  not? 


28 


THE  ILLUMINATING  ENGINEER. 


infrequently  caused  by  the  fact  that 
the  conditions  under  which  different 
illuminants  were  tested  were  not  strictly 
comparable. 

Mr.  Abady  had  also  suggested  that 
flame  standards  such  as  the  Pentane 
standard,  and  electric  glowlamp  stand- 
ards, had  both  their  respective  spheres 
of  utility.  It  was  interesting  to  ob- 
serve how^  the  gas  industry  were  coming 
to  take  advantage  of  electrical  appa- 
ratus for  their  own  purposes,  and  Mr. 
Abady  had  shown  characteristic  enter- 
prise both  in  adopting  an  electrical 
secondary  standard  for  use  with  his 
interesting  photometer,  and  in  applying 
the  diaphragm  method  in  such  an 
ingenious  way. 

Mr.  Dow  added  that  it  was,  of  course, 
now  well  known  that  the  inverse  square 
law  and  the  cosine  law  were  only 
accurately  true  within  certain  limits. 
He  thought,  however,  that  this  did 
not  justify  M!r.  Abady's  sweeping  con- 
demnation of  all  forms  of  illumination 
photometers  utilizing  these  principles. 
Such  instruments  had  been  developed 
in  Germany  and  the  United  States  as 
well  as  in  this  country,  and  useful  work 
had  been  done  with  them.  Moreover, 
the  intention  of  such  instruments 
was  essentially  different  from  that  of 
Mr.  Abady.  They  were  intended 
mainly  as  a  means  of  readily  deter- 
mining the  illumination  at  a  given 
spot  in  buildings,  &c.  For  such  a 
purpose  lightness  and  portability  were 
essential,  even  though  these  qualities 
could  only  be  secured  by  sacrificing  the 
high  degree  of  accuracy  aimed  at  in  the 
laboratory.  Mr.  Abady  had  referred 
to  a  lecture  by  Mr.  Gaster  before  the 
Royal  Society  of  Arts  in  which  some 
instruments  were  briefly  described. 
It  was  only  fair  to  mention  that  Mr. 
Abady  had  been  invited  to  exhibit  his 
photometer  on  this  occasion,  but  had 
omitted  to  do  so. 

In  reply,  Mr.  Abady  stated  that  he 
did  not  sugg(;Ht  that  cmynrically  cali- 
brated photometers  could  not  be  used 
at  all.  But  tliere  were  already  so 
many  otlior  diflicuUics  in  photometry, 
personal  errors,  &c.,  as  to  render  such 
methods  very  undesirable.    He  con- 


tended that  such  "  approximate 
methods  "  were  unsatisfactory  because 
no  photometrical  information  was  better 
than  inaccurate  information.  There- 
fore he  disliked  such  instruments 
being  described  without  qualification 
as  to  their  accuracy.  Though  speak- 
ing before  a  Gas  Association,  he  regarded 
himself  as  a  perfectly  impartial  person. 
Personally,  however,  he  had  declined, 
and  would  continue  to  decline,  to 
exhibit  his  instruments  side  by  side 
with  others  of  an  approximate  character 
which  were  not,  properly  speaking,  to 
be  described  as  photometers.  The 
term  photometer,  if  it  meant  anything, 
meant  "  an  accurate  light  measurer." 

In  the  course  of  further  discussion, 
Mr.  D.  W.  Winslow  asked  whether  a 
3,000  candle-power  arc  lamp  would  be 
regarded  as  giving  the  same  light  as 
the  3,000  candle-power  incandescent 
gas  lamp  which  contained  a  number  of 
mantles  and  certainly  seemed  to  give 
much  more  light.  Had  the  concentra- 
tion of  the  light  anything  to  do  with 
the  matter  ? 

Mr.  J.  G.  Clarke  referred  to  the 
difference  in  the  sharpness  of  the 
shadows  cast  by  lights  of  different 
concentration. 

Mr.  Abady  said  that,  as  far  as  pro- 
ducing a  given  illumination  went,  he 
did  not  think  the  difference  in  con- 
centration had  much  effect.  On  the 
other  hand,  the  difference  in  quality 
of  the  light  must  be  considered.  Thus 
an  incandescent  mantle  could  be  seen 
further  on  a  foggy  day. 

Finally,  a  vote  of  thanks  to  the 
lecturer  was  proposed  by  Mr.  Clarke, 
and  seconded  by  Mr.  J.  Hewett.  In 
putting  the  vote  to  the  meeting,  the 
President  emphasized  the  fact  that 
great  changes  were  taking  place  in 
modern  systems  of  illumination,  and 
said  that  now  tliat  powerful  sources  of 
light  were  available  it  was  most 
important  to  consider  not  only  how 
much  light  to  use,  but  how  best  to  use  it. 
In  order  to  study  such  problems,  the 
accurate  measurement  of  light  and 
the  development  of  good  measuring 
instruments  were  most  essential. 
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The  Problem  of  Heterochromatic  Photometry. 


By  p.  S.  Millar. 


(Abstract  of  paper  presented  at  the  Third  Annual  Convention  of  the  IlIumlBating  Engineering  Society  in 
the  United  States,  Sept.  27,  28,  and  29,  1909.) 


In  this  paper  Mr.  Millar  distinguishes 
two  main  classes  of  difficulties  in 
colour-photometry — physiological  and 
psychological.  Thus  he  mentions  the 
effects  on  photometric  readings  of  an 
observer's  possessing  more  or  less 
abnormal  colour- vision  and  also  the 
"  Purkinje  "  and  "  Yellow-spot  "  phe- 
nomena which  are  characteristic  of  the 
normal  eye.  The  former  effect,  he 
mentions,  becomes  marked  at  intensities 
of  illumination  below  0*1  foot-candles. 

But  in  addition  there  are  psycho- 
logical difficulties  arising  from  the  mere 
fact  that  the  comparison  of  the  bright- 
ness of  two  adjacent  patches  of  light 
of  different  colours  is  in  itself  a  difficult 
process  for  any  observer.  Experience 
is  here  very  influential  in  enabling  a 
person  who  at  first  finds  himself  unable 
to  form  a  consistent  judgment  subse- 
quently to  acquire  the  power  of 
doing  so.  Indeed  it  sometimes  seems 
as  if  people  who  initially  exhibited 
marked  differences  in  their  personal 
readings  eventually  come  into  agree- 
ment. Thus  the  author  mentions  two 
cases  in  his  experience  during  the  last 
year  in  which  two  observers  using 
Lummer-Brodhun  photometers  at  first 
differed  consistently  by  about  3  per  cent 
when  comparing  tungsten  and  carbon 
lamps.  But,  as  a  result  of  several 
months'  work,  the  judgments  of  each 
seem  to  have  changed  to  such  an  extent 
that  no  material  difference  in  their 
settings  is  now  found  to  be  observable. 

In  dealing  with  comparisons  of  this 
kind  the  author  mentions  three  chief 
devices  intended  to  minimise  these 
effects  : — 

(1)  Secondary  standards  of  substan- 
tially the  same  colour-value  as  the 
illuminants  to  be  measured  may  be 
used. 


(2)  The  colour  of  one  of  the  hetero- 
chromatic lights  to  be  tested  may  be 
varied  by  the  use  of  coloured  screens. 

(3)  Some  form  of  flicker- photometer 
may  be  used. 

However,  though  these  methods  may 
reduce  the  scope  of  errors  due  to 
colour-effects  somewhat,  they  do  not 
dispose  of  them  ;  the  real  difficulties 
of  heterochromatic  photometry  are  only 
postponed. 

The  author  next  procceeds  to  describe 
some  experiments  which  he  divides 
into  two  groups,  (1)  those  involving 
large  colour  differences  and  including 
measurements  at  a  low  order  of  illumin- 
ation, and  (2)  those  in  which  com- 
paratively slight  colour-differences  are 
met  with  and  relatively  high  order  of 
illumination  is  employed. 

Tests  Involving  Marked  Colour- 
Differences. 
Mr.  Millar  describes  a  typical  test, 
made  two  years  ago,  in  which  a  mercury 
vapour  lamp  was  compared  with  a  line 
of  carbon  filament  lamps  of  approxi- 
mately the  same  dimensions  ;  the 
distances  of  the  standard  from  the 
photometer  being  varied  from  10  to 
50  ft.  With  three  different  photo- 
meters he  obtained  the  following  re- 
sults : — • 

TABLE  I. 


Comparison  of  Photometers  in  Mercury  Vapour  Lamps 
Test.  Mean  of  Determination  of  two  Observers. 

Per  cent,  candle-power. 


Distance  lamps 
to  Photometer. 
Ft. 

Contrast 
Lummer-  Brod- 
hun. 
Per  cent. 

Bunsen 
Per 
cent. 

Flicker 
per 
cent. 

10 

100 

102 

102 

30 

112 

114 

101 

40 

123 

108 

103 

50 

137 

110 

103 

30 
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At  a  distance  of  10  ft.,  corresponding 
to  about  0'22  foot-candles,  all  three 
instruments  gave  the  same  result ;  but 
when  the  illumination  was  reduced 
to  about  0*1  foot-candles  the  reading 
of  the  Lummer-Brodhun  instrument 
had  apparently  increased  by  37  per 
cent  in  favour  of  the  mercury  vapour 
lamp,  while  the  value  of  the  flicker 
photometer  was  practically  the  same 
as  at  the  shortest  distance. 

At  a  low  order  of  illumination  these 
physiological  effects  become  still  more 
marked,  and  this  is  probably  not 
without  its  effect  on  streetlighting 
problems,  where  the  illumination  is 
often  extremely  low.  In  this  connexion 
the  author  describes  some  tests  com- 
paring the  intensity  of  a  titanium 
arclamp  (yielding  a  very  white  light), 
with  a  carbon  filament  lamp  burning 
at  3'1  watts  per  candle.  Two  photo- 
meters of  the  same  general  construc- 
tion were  placed  at  distances  of  152 
and  260  ft.  from  the  arclamp  respec- 
tively and  arranged  so  as  to  measure 
the  same  intensity  in  the  same  direc- 
tion in  each  case,  namely,  4°  below 
the  horizontal.  A  series  of  readings 
were  taken  and  the  two  instruments 
were  then  interchanged,  new  results 
taken,  and  a  mean  ratio  (which  should 
be  independent  of  any  difference  in  the 
two  instruments)  obtained. 

As  a  result  the  titanium  arc  gave  an 
apparent  candlepower  approximately 
30  per  cent  higher  when  the  photo- 
meter was  most  distant  ;  this,  the 
author  suggests,  might  fitly  be  ascribed 
to  the  Purkinje  effect. 

Tests  Involving  only  Slight  Colour- 
Differences. 

Under  this  heading  the  author  deals 
with  relatively  small  colour-differences, 
such  as  are  encountered,  for  example, 
in  comparing  tungsten  and  carbon 
fiiam(int  lami)s.  Originally  somowliat 
large  differences  between  tlie  readings  of 
different  obscTvers  and  with  diffeient 
types  of  instruments  were  found  to 
occur,  })ut  ev(!ntually  much  more 
concordant  results  were  obtained  ;  for 
instance,  the  autlior  gives  the  following 
series  as  typical  : — 


TABLE  II. 


Photometer. 


Lummer-Brodhun  contrast 
Lummer-Brodhun  comparison 

Marten's  (Bi-prism)  

Bunsen  (Leeson  disc) 
Flicker  (Schmidt  &  Haensch) 
Flicker  (Simmance-Abady) ... 


Intensity  of  Tungs 
ten  in  terms  of 
carbon  per  cent. 


1000 
101-5 
1000 
101-7 
101-3 
98-0 


At  present  the  explanation  of  the 
great  difference  in  the  readings  of  the 
two  flicker  instruments  is  not  clear,  and 
experiments  are  still  being  undertaken 
in  order  to  see  if  more  concordant 
results  cannot  be  obtained. 

As  an  illustration  of  the  discordances 
previously  experienced,  however,  the 
author  gives  the  results  of  an  attempt 
to  obtain  the  candle-power  of  ten 
tungsten  lamps  in  different  laboratories. 
It  is  mentioned  that  in  all  three 
laboratories  standards  of  light  were 
obtained  from  the  same  source. 

TABLE  III. 

Comparison  of  Candle-power  as  Measured  in  Three 
Commercial  Photometer  Rooms. 


Laboratory. 


A   

B   

C — First  photometer . . . 
Second  photometer 


Photometer  employed. 


Bunsen 
per  cent. 


103-6 
98-4 
100-7 


Flicker 
per  cent. 


99-5 
97-6 


In  conclusion,  the  author  remarks 
that  though  there  would  seem  to  be  no 
great  difficulty  in  making  a  sufficiently 
accurate  determination  of  the  intensity 
of  a  source  of  a  colour  resembling  the 
tungsten  lamp,  there  is  room  for  much 
further  concerted  work  between  differ- 
ent laboratories  in  order  to  obtain 
more  definite  information  regarding 
these  colour-phenomena  ;  the  problem 
is  too  wide  for  any  one  laboratory  or 
any  one  man  to  deal  with  it. 

He  concludes  his  paper  with  the 
following  recommendation  : — " 

"  That  this  Convention  request  the 
President  to  commend  to  the  attention 
of  tlie  Council  the  need  for  the  con- 
sideration of  standardisation  of  methods 
in  lieterochromatic  pliotometry,  and, 
if  it  be  decmied  advisable,  to  appoint  a 
committee  to  deal  with  the  question." 
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The  Determination  of  Mean  Spherical  Candle-Power. 

By  an  Engineering  Correspondent. 


It  is  being  gradually  realized  that,  in 
the  great  majority  of  cases,  the  total 
amount  of  light  emitted  by  a  source  is 
of  more  importance  than  its  value  in 
any  one  direction.  The  distribution 
of  the  light  may  be  altered  by  suitable 
shades  or  globes,  but  it  is  obvious  that 
the  total  amount  of  light  can  never 
be  increased  by  such   means.  This 


by  a  source  radiating  the  same  luminous 
flux  equally  in  all  directions.  From 
this  definition  it  will  be  seen  at  once 
that  the  mean  spherical  candle-power 
of  a  source  is  a  direct  measure  of  its 
value  as  an  illuminant. 

In  some  cases,  in  which  practically 
all  the  light  is  concentrated  into  a 
hemisphere  round  the  source  (e.g.,  con- 


total  amount  of  light  is  sometimes  called 
the  "  luminous  flux  "  of  the  source  and 
IS  closely  related  to  the  mean  spherical 
mtensity . 

The  mean  spherical  intensity  or 
mean  spherical  candle-power  of  a 
source  of  light  may  be  defined  as  the 
candle-power  which  would  be  possessed 


tinuous  current  arc  lamps)  the  mean 
hemispherical  candle-power  is  the  more 
convenient  figure.  In  a  number  of 
cases,  notably  incandescent  electric 
lamps,  a  constant  ratio  exists  between 
the  mean  spherical  candle-power  and 
the  mean  horizontal  candle  power,  and 
such  ratios,  called  "reduction  factors," 
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may  be  conveniently  used  when  a  large 
number  of  lamps  of  the  same  type  have 
to  be  rapidly  compared.* 

Attention  having  now  been  directed 
to  the  importance  of  the  unit,  the 
methods  available  for  its  measurement 
may  be  examined. 

Almost  all  methods  of  spherical  candle- 
power  measurement  depend  on  the 
following  mathematical  expression  for 
the  mean  spherical  candle-power  : — 

M.s.ap.=/7i0  cose  de, 

where  Ig  is  the  candle-power  in  a 
direction  making  an  angle  6  with  the 
horizontal. 

This  formula  follows  almost  imme- 
diately from  the  above  definition  of 
the  mean  spherical  candle-power  on 
the  assumption  of  a  distribution  which 
is  symmetrical  about  a  vertical  axis. 

The  mean  spherical  candle-power  of 
a  source  of  light  may  be  found  by 
methods  which  fall  broadly  into  two 
classes  : — 

(a)  Those  in  which  the  source  is 
photometred  in  certain  specified  direc- 
tions and  the  M.S. CP.  calculated  from 
these  observations. 

(b)  By  the  use  of  spherical  photo- 
meters giving  the  M.S. CP.  at  one 
reading. 

Glass  A. 

One  of  the  oldest  and  certainly  the 
best  known  method  of  this  class  is 
that  known  as  the  Rousseau  diagram, 
which  has  been  used  for  some  years  in 
arc  lamp  photometry.  It  will  be 
unnecessary  to  give  more  than  a  very 
brief  outline  of  this  method. 

The  intensity  of  the  source  is  ob- 
served at  several  angles  in  a  vertical 
plane  and  the  observations  plotted  in 
a  polar  curve  as  D  G  F  H  (Fig.  1). 
The  polar  co-ordinates  of  this  curve 
are  then  transferred  to  rectangular 
co-ordinates  as  shown  at  P  Y  S  in  the 
diagram.  Then  it  can  be  shown  that 
the  mean  ordinate  of  this  curve  gives 
the  moan  spherical  candle-power  to 
the  same  scale  as  that  to  which  the 
polar  curve  was  drawn. 

*  G.  B.  Djrke  'On  the  Practical  Doterraina- 
tion  of  the  Mean  .Spherical  Candle-I'ower  of 
Incandescent  and  Arc  IjO-mys,'  Proc.  Phyt.  Soc. 
Lond.,  Vol.  XIX.,  p.  130,  ct.  $eq.  ;  Phil.  Mag., 
January,  1905. 


In  order  to  determine  the  mean 
ordinate  the  area  of  the  curve  P  Y  S 
must  be  found  by  planimeter  or  other- 
wise, and  in  order  to  get  rid  of  this 
troublesome  process  Kenelly  has  de- 
vised a  method  which  only  involves  the 
measurement  of  a  series  of  lengths', 

Weinbeer*  has  considerably  simpli- 
fied Kenelly's  construction  and  reduced 
it  to  the  following  very  convenient 
form  : — 


Fig.  2. 


Let  the  curve  P  2^  3^  9^  (Fig.  2) 

represent  one  quadrant  of  the  polar 
diagram  of  the  source  obtained  in  the 
usual  way.    Project  the  points  1^  2^  3^ 

 9^  on  to  the  horizontal  through 

the  source  O  as  1,  2,  3  9. 

Then  the  mean  hemispherical  candle- 
power  to  the  same  scale  as  the  polar 
curve=(Oi4-02+03+  +0,)  X 

X  where   =  number  of  equidistant 

points  as  P  2^  3^  9^  taken  in  the 

quadrant. 

Weinbeer  has  still  further  simplified 
his  method  by  devising  a  slide  rule  for 
performing  the  above  operations. 

The  slide  rule  (Fig.  3)  is  of  the  usual 
type  with  middle  slide  and  cursor,  but 
the  graduations  are  based  on  trigono- 
metrical instead  of  an  exponential 
function.  (The  cursor  is  not  shown  in 
the  figure.) 

The  slide  is  divided  into  eight  sections 

designated  5,  15,  25,   75  degree 

sections,  the  length  of  each  section 
corresponding  to  the  superficial  area 
of  the  indicated  10  degree  zone  of  a 
sphere,  and   is  subdivided  decimally. 

*  B.  W.  Weinbeer,  ILlnminating  Engmeer^ 
Lond.,  Vol.  I.,  p.  559 ;  Electrical  World,  N.Y., 
December  26th,  1908. 
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An  additional  section,  designated  85 
degree  section,  is  placed  on  the  lower 
scale  of  the  rule  and  is  similarly  sub- 
divided. 

The  method  is  best  described  by 
considering  the  following  set  of  observa- 
tions : — 

Elevation  in  Degrees.    Intensity  in 
Candle-power. 


85 

87 

75 

83 

65 

76 

55 

67 

45 

56 

35 

44 

25 

35 

15 

25 

5 

0 

To  calculate  the  mean  hemispherical 
candle-power  proceed  as  follows  : — 

The  heel  of  the  slide  is  placed  at  the 
observed  value  of  the  candle-power  in 
the  85°  section,  i.e.,  at  87,  the  cursor 
is  then  moved  to  the  value  of  the  candle- 
power  in  the  75°  section,  i.e.  83.  The 
slide  is  next  brought  back  until  the 
zero  of  the  65°  section  is  opposite  the 


light  Paper  "  similar  in  principle  to  the 
Weinbeer  slide  rule  by  means  of  which 
the  same  result  may  be  obtained. 

Both  of  these  methods  assume  the 
light  source  to  be  symmetrical  about  a 
vertical  axis,  and  if  this  is  not  the  case 
the  source  must  be  rotated  or  a  large 
number  of  sets  of  readings  taken  in 
different  azimuths  round  the  source. 
The  chief  objection  to  these  methods 
is  the  large  amount  of  time  occupied  in 
obtaining  the  necessary  experimental 
data  and  the  care  required  to  maintain 
the  constancy  of  the  source  over  the 
whole  of  this  period.  The  advantage 
is  that  the  polar  curve  of  distribution 
of  intensity  is  obtained,  which  is  an 
important  point  in  some  cases. 
Class  B. 

Passing  on  to  the  determination  of 
mean  spherical  intensity  by  the  use  of 
Spherical  Photometers,  the  first  we 
shall  mention  is 

The  Matthews  Integrating  Photometer. 

This  photometer  was  designed  by 
Mr.  C.  P.  Matthews,  and  has  been  con- 
siderably used  in  the  United  States. 

The  instrument*  consists  of  pairs  of 
mirrors  from  ten  to  twenty  in  number, 
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Fig.  3. 


censor  line  and  the  cursor  then  ad- 
vanced to  76,  the  candle-power  in  the 
65°  section.  The  slide  is  again  moved 
until  the  zero  of  the  55°  section  is 
opposite  the  cursor  line  and  the  cursor 
advanced  to  67  in  the  55°  section,  and 
so  on.  The  final  position  of  the  cursor 
as  read  on  the  upper  scale  of  equal 
divisions  gives  the  mean  hemispherical 
candle-power ;  in  this  case  65.  The 
whole  series  of  operations  is  performed 
very  rapidly  and  without  any  graphical 
construction  whatever.  The  mean 
spherical  candle-power  may  be  obtained 
by  repeating  the  above  process  for  the 
upper  quadrant  and  taking  the  mean 
of  the  two  results. 

Wohlauer*  has  devised  a  special 
sectional  ruled  paper  called  "  Fluxo- 


arranged  in  a  semi-circle  in  a  vertical 
plane  in  such  a  manner  that  light 
emitted  from  the  source  at  any  angle 
is  reflected  back  so  as  to  fall  on  the 
photometer  screen  at  the  same  angle, 
both  source  and  photometer  being 
situated  at  the  centre  of  the  mirror 
system.  A  diagram  of  the  arrange- 
ment showing  only  one  pair  of  mirrors 
is  shown  in  Fig.  4  in  which  S  is  the 
source,  M  M  the  pair  of  mirrors,  P  the 
photometer  screen,  and  L  the  standard 
lamp. 

Now  Lambert's  law  states  that  if 
light  is  incident  on  a  surface  at  an 
inclination  making  an  angle  0  with  the 
normal  to  that  surface  then  the  result- 
ant brightness  of  the  surface  is  pro- 
portional to  cos  0. 


*  Wohlauer,  Ilhiminating  Engineer,  N.Y.,  ♦  G.  B.  Dvke,  Proc.  Phys.  Soc.  Lond.^ 
February,  1909.  Vol.  XIX.,  p.  136,  et  seq. 
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Hence  it  follows  that  the  brightness 
of  the  photometer  screen  in  the 
Matthews  photometer  is  proportional 
to 

3  I^  cosO 

where  I^  is  the  intensity  of  the  source 
in  a  direction  making  an  angle  6  with 
the  horizontal. 

And  therefore,  if  the  mirrors  are 
sufficiently  numerous,  the  brightness 
of  the  screen  is  proportional  to 

f  \  cose  dO 

and  hence  to  the  mean  spherical  candle- 
power. 

Variations  in  the  co-efiicient  of  reflec- 
tion of  the  mirrors  and  errors  due  to 
the  non-fulfilment  of  Lambert's  law  by 
the  photometer  screen  are  compensated 
by  adjusting  the  mirrors  radially  so  as 
to  increase  or  diminish  the  distance 
which  any  particular  ray  has  to  travel 
from  source  to  screen.  The  instrument 
is  very  convenient,  and  in  careful  hands 
is  capable  of  giving  very  accurate 
results.    It  can  be  used  to  obtain  the 


^-  -^^ 


Fig.  4 


polar  intensity  curve  of  the  source  by 
covering  all  the  mirrors  except  those 
at  the  angle  required. 

Its  disadvantages  are  : — 

Its  inconvenient  size,  the  instrument 
standing  from  eight  to  eleven  feet  high. 

Tlie  skill  necessary  to  make  the 
requisite  preliminary  adjustments,  and 
to  determine  the  constant  of  the  instru- 
ment. 

If  the  light  source  is  not  symmetrical 
about  a  vertical  axis  it  must  be  rotated, 


or  a  large  number  of  readings  taken  in 
different  azimuths.  For  arc  lamp  work 
the  apparatus  becomes  somewhat  un- 
wieldy,  especially  if  globes  are  employed. 
A  modification  of  the  instrument  for 
arc  lamps  has  diffusing  screens  between 
the  mirrors  of  each  pair  in  order  to 
reduce  the  illumination  on  the  photo- 
meter screen. 

Tlie,  Krilss  Integrating  Photometer. 

Introduced  by  Dr.  Hugo  Kriiss*  of 

Hamburg. 
This  photometer  is  on  the  Matthews 
principle,  and  has  eighteen  mirrors  in 
the  semi-cumference. 

Considering  the  relation 

M.S.C.P.=i/I^  cose  de 

cose  is  allowed  for  in  the  Matthews 
photometer  by  utilizing  Lambert's  law, 
but  in  the  Kriiss  instrument  each  ray 
is  made  to  pass  through  a  lens  to 
which  is  attached  a  stop,  which  is  so 
adjusted  that  the  emergent  ray  is  of 
intensity  Id  cose.  Fig.  5  gives  a 
diagram  of  the  path  of  one  ray  through 


9^ 

i 

i 

in  ^ 


Fig.  5. 


the  instrument.  Light  from  the  source 
S  is  reflected  by  the  mirror  M  to  the 
lens  R  fitted  with  the  stop  B,  then 
passes  through  the  lens  0  and  forms 
a  disc  of  light  on  the  photometer 
screen  P.  The  instrument  is  more 
compact  than  the  Matthews,  but  the 
lens  system  is  complicated  and  difficult 
to  adjust.  With  these  exceptions  the 
remarks  made  concerning  the  Matthews 
photometer  apply  equally  to  the  Kruss 
instrument. 

*  H.  Kruss,  (,'as  World,  March  16th,  1909. 
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A  Comparison  between  the  Illuminating  Efficiencies  of  Carbon 
Monoxide  and  Hydrogen  when  used  in  conjunction 
with  the  Incandescent  Mantle. 

By  Arthur  Forshaw,  M.Sc,  Institution  Research  Fellow  in  the  Department 
of  Fuel  and  Gas  Engineering,  University  of  Leeds. 

(Paper  read  at  the  Annual  Meeting  of  the  Institution  of  Gas  Engineers,  London,  June  If),  1909  ;  we  are  indebted 
to  the  courtesy  of  the  Council  of  the  Society  for  permission  to  publish  this  paper  and  to  the  Gas  World  for 
the  loss  of  the  blocks  by  which  it  is  accompanied.) 

{Concluded  from  Vol.  I.,  p.  672.) 


The  consumptions  of  carbon  mon- 
oxide shown  in  Table  IV.  were  the 
highest  that  had  been  used  up  to  this 
stage  of  the  work.  Comparable  rates 
of  consumption  of  hydrogen  are  shown 
in  Table  IVa. 

TABLE  IVa. 


CP. 

Air. 

Air. 

CP. 

Ho- 

Ha. 

2-4 

0-94 

9-47 

3-94 

0-39 

2-92 

Nil 

5-38 

1-84 

Nil 

3  44 

1-22 

9  0 

2-62 

0-36 

The  difference  in  "  duty  "  afforded 
by  hydrogen  and  carbon  monoxide  in 
all  the  experiments  so  far  considered 
is  striking.  In  Tables  II.  and  II a., 
the  duty  for  carbon  monoxide  is  con- 
siderably more  than  double  that  shown 


Fig.  1a. — Section  of  burner 
heads  3a  and  3b. 

by  hydrogen  under  similar  conditions. 
In  Tables  IV.  and  IVa.,  the  duty 
afforded  by  carbon  monoxide  was  also 
very  much  superior  to  that  afforded  by 


hydrogen,  but  the  comparison  is,  in 
this  instance,  perhaps  not  altogether  a 
fair  one.  For  whereas  in  the  case  of 
the  carbon  monoxide  the  flames  were 


oo 


Fig.  2. 

flame 
well  aerated. 


Fig.  3. 
CO  flame 
well  aerated. 


all  well  aerated,  in  the  case  of  the 
hydrogen  they  were  badly  aerated, 
although  as  highly  aerated  as  the  con- 
struction of  the  burner  would  permit. 
It  has  nevertheless  been  shown  that  in 
all  cases  where  hydrogen  and  carbon 
monoxide  have  been  compared  under 
similar  conditions  of  aeration,  the 
advantage  has  always  been  over-whelm- 
ingly  in  favour  of  carbon  monoxide. 
Moreover,  since  with  any  ordinary 
atmospheric  burner  carbon  monoxide 
may  be  burned  with  a  much  greater 
degree  of  aeration  than  is  possible  to 
obtain  with  hydrogen  without  the 
flame  striking  back,  it  may  be  concluded 
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that,  under  such  conditions,  carbon 
monoxide  will  give  a  higher  maximum 
duty  at  every  rate  of  consumption. 

The  problem  of  designing  a  form 
of  burner  which  would  permit  of  a 
thoroughly  aerated  hydrogen  flame 
presented  many  difficulties,  but  after 
much  experimenting  it  was  successfully 


4.  3. 

Ho  with  and  without  cone  A. 


is  burnt.  The  inside  surface  of  the  slit 
is  the  circular  water  jacket  e,  which 
cools  the  gaseous  mixture  while  the 
restricted  width  of  the  slit  causes  the 
mixture  to  move  forward  towards  the 
flame  at  a  high  velocity. 


D'  OD 


1.  2. 

CO  with  and  without  cone  A. 


Fig.  4. 


solved  by  the  design  of  burner  No.  Sa, 
now  to  be  described. 

Burner  3a.  A  sketch  is  shown  of  this 
in  Fig  la.  The  mixture  of  gas  and  air 
enters  at  a  (which  is  made  to  fit  the 
top  of  the  tube  d  in  Fig.  1)  into  a 
horizontal  tube  6,  from  which  two 
upright  pipes  c  c  lead  to  a  gallery  d. 
This  gallery  completely  encircles  the 
burner-head.       Holes  drilled  on  the 


Cone  A. 


Cone  B. 
Fig.  5. 


Cone  C. 


inside  of  the  gallery  allow  the  passage 
of  the  gas  and  air  into  the  slit  /,  which 
also  extends  all  round  the  burner  head, 
and  from  the  top  of  which  the  mixture 


It  is  obvious  that  such  a  burner  as 
the  above  is  very  far  removed  from 
anything  that  is  likely  to  be  used  in 
actual  practice,  and  that  therefore  in 
some  respects  the  remaining  experi- 
ments may  be  said  to  have  been  carried 
out  under  quite  artificial  conditions. 
But  since  the  object  of  the  research 
was  the  comparison  of  the  illuminating 
efiiciencies  of  hydrogen  and  carbon 
monoxide  both  burning  under  the  most 
favourable  conditions,  it  seemed  neither 
necessary  nor  desirable  to  impose  any 
arbitrary  limit  as  to  the  design  of  a 
burner.  In  the  first  experiments  with 
the  new  burner,  the  width  of  the  slit 
was  only  0*074  in.,  and  whilst  it  was 
possible  to  maintain  a  fully  aerated 
flame  of  hydrogen  without  any  danger 
of  it  striking  back,  the  extremely 
narrow  opening  only  permitted  of  com- 
paratively low  rates  of  consumption. 
In  these  circumstances,  very  poor 
results  were  obtained  as  regards  maxi- 
mum efficiency.  On  investigation,  this 
seemed  to  be  due  primarily  to  the  shape 
of  the  flame,  which  is  shown  in  Fig.  2. 
It  assumed  a  long,  tapering  pencil-like 
form,  and  although  this  is  not  neces- 
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sarily  an  indication  of  its  shape  when 
the  mantle  was  placed  in  position,  it 
obviously  did  not  particularly  conform 
to  the  outline  of  the  mantle.  Never- 
theless, even  with  this  burner,  under 
similar  conditions  as  regards  aeration, 
a  40  per  cent  higher  duty  was  obtained 
with  carbonic  oxide  than  with  hydrogen. 
The  slit  of  the  burner  was  now  widened 
to  pass  50  per  cent  more  gas  than  in  its 
original  condition  ;  and  the  final  experi- 
ments were  performed  with  the  burner 
head  thus  altered.  Under  the  new 
conditions,  it  was  at  length  possible  to 
follow  the  maximum  duty  curve  for 
hydrogen  with  increasing  consump- 
tions up  to  a  point  at  which  it  ceased 
to  rise. 

Such  a  slit  burner,  however,  is  not 
well  adapted  for  the  combustion  of 


obtained  by  means  of  burner  No.  2  for 
carbon  monoxide.  This  comparison  is 
shown  in  Tables  V.  and  VI.  The 
"  duty  "  curves  constructed  from  the 
figures  in  Tables  V.  and  VI.  are  com- 
pared in  Diagram  IV. 


TABLE  V. 


Air. 

CP. 

CP. 
11,. 

Air. 

u,. 

CV.  X  H,. 
CP. 

3-98 

4 '31 

18-4 

4-62 

1-08 

16  0 

5  01 

5-92 

32-2 

6-43 

118 

11-5 

5  04 

6-68 

36-2 

7-18 

1  -32 

10-3 

5-92 

8-65 

44-6 

7-53 

1-46 

9-8 

6  07 

9-24 

49-5 

8-16 

1-52 

9  06 

7-46 

12-76 

78-7 

10-55 

1-71 

7  00 

7-65 

13-67 

86-5 

11-31 

1-78 

6-54 

8-35 

14-25 

96-5 

11-56 

1-71 

6-39 

9-13 

15-13 

108-0 

11-76 

1-65 

6-3 
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Diagram  IV.— Curves  of  maximum  duty  and  of  air  to  gas  ratio. 


carbon  monoxide,  owing  to  the  flame 
being  partially  blown  away  from  the 
slit,  as  shown  in  Fig.  3.  So  that  if 
hydrogen  and  carbon  monoxide  are  to 
be  finally  compared  under  the  most 
favourable  circumstances  for  each,  the 
results  obtained  with  the  slit  burner  for 
hydrogen  must  be  compared  with  those 


The  maximum  duty  obtained  for 
hydrogen  at  a  consumption  of  9-13 
cubic  feet  per  hour  was  11*  76  candles 
per  cubic  foot— a  result  which  must  be 
compared  with  the  17*33  candles  per 
cubic  foot  obtained  for  carbon  mon- 
oxide at  a  consumption  of  7*69  cubic 
feet   per   hour.     The   ratio   of  th? 
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maximum  efficiencies  for  carbon  mon- 
oxide and  hydrogen  is  therefore  1*47, 
as  compared  with  a  ratio  of  1*13  for 
their  net  calorific  values. 


Doulton  &  Co.,  of  Lambeth.  The 
surface  of  cone  A  was  so  made  as  to 
be  parallel  to  the  surface  of  the  mantle, 
while  the  outlines  of  the  other  two 
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Diagram  V. — Curves  of  maximum  duty 

Variation  of  the  Shape  of  the 
Flame  and  its  Influence  upon 
the  "  Duties  "  obtainable  from 
the  Gas. 

The  experiments  on  hydrogen  with 
the   slit   burner   had   suggested  the 

TABLE  VL 


cones  were  designed  for  the  purpose  of 
deflecting  the  flame  as  much  as  possible, 
either  towards  the  battom  or  towards 
the  top  of  the  mantle  as  circumstances 


TABLE  VIL 


Co. 

CP. 

Air. 

CV.  X  Co. 

Air. 

CP. 

(Jo. 

Co. 

CP. 

3-72 

0-61 

35-5.3 

9-57 

0-16 

8-73 

4-62 

1*81 

42-4 

9-J8 

0-.S9 

9-1 

5-8 

10-55 

75-5 

13  05 

1-83 

6-4 

6-87 

12-27 

117-2 

17-06 

1-78 

4-89 

7-69 

14-64 

1.33-2 

17-33 

1-90 

4-82 

7-91 

15-22 

137-0 

17-31 

1-92 

4-82 

desirability  of  endeavouring  to  alter 
the  shape  of  the  flame  by  the  use  of 
porcelain  cones,  so  as  to  confine  the 
combustion  as  far  as  possible  to  a 
hollow  shell  corresponding  to  the  out- 
line of  the  mantle.  For  this  purpose, 
hollow  cones  of  white  porous  j)orcelain 
of  tliree  different  shapes,  as  sliown  in 
Fig  5,  were  prepared  for  us  by  Messrs. 


Diagram 

and 
Curve. 

Air. 

CP. 

CP. 

"a- 

Air. 
Ha 

C.V.  X 

"cTp.^ 

No  Cone 

VI.  aj 

f  9-68 

15 -.37 

85-5 

8-84 

1-59 

8-86  \ 

{  9-94 

14-64 

[85-5 

8-60 

1-47 

8-59]  / 

b 

8-95 

13-02 

63-5 

7-10 

1-45 

10-41 

c 

7-77 

10-94 

47-6 

6-11 

1-41 

12  10 

d 

6-69 

8-14 

34-6 

5-16 

1-22 

14-33 

e 

4-75 

4-29 

13-05 

2-75 

0-90 

26-8S 

Cone  a 

VII.  a 

10-03 

13-65 

.40-0 

3  99 

1  36 

18  52* 

h 

-iTTti 

43  8 

6-83 

1-59 

13-87 

c 

6-87 

10-93 

30-7 

4-47 

1-59 

16-53 

d 

.^•65 

7  96 

16-2 

2-87 

1-39 

25-76 

e 

4-52 

5-06 

5-7 

1-26 

1-12 

58-57 

Cone  b 

VIII.  a 

8 -.5 

i5-6r. 

73-4 

8-fi3 

1-85 

8-66 

I) 

7-21 

12-66 

48  0 

6-61 

1-76 

1110 

c 

6-19 

10-26 

34 -.^.'S 

5-68 

1-66 

13-24 

d 

4-81 

7-17 

2016 

4-19 

1-48 

17-62 

e 

.3-01 
Cone  c 

4-62 

6-35 

1-81 

1-31 

40-87 

IX.  a 

8-68 

14  02 

82-6 

9-63 

1-63 

7-67*^ 

I) 

1h2 

12-.')4 

78-3 

10-42 

1-67 

7-09 

c 

6  7« 

8-76 

45-02 

6-69 

1-30 

11-06** 

d 

4-80 

6-18 

3.V2 

7 -.34 

1-29 

10-07 

0 

.'5-87 

5-07 

21-3 

6  50 

1-31 

13-44 

Evidently  short  of  air. 


EFFICIENCIES  OF  CARBON  MONOXIDE  AND  HYDROGEN.  39 


Table  VIII. 


Diagram 
and 

CO. 

Air 

CP. 
CO. 

Air 
CO. 

C.V.^-CO 
CP. 

No  cone 

X.  a 

7-61 

13-32 

106-5 

13"99 

1'75 

5-97 

b 

6-62 

12  77 

79  5 

12-01 

1-93 

6-95 

c 

6-03 

9-33 

57-5 

954 

1-55 

8-75 

d 

476 

111 

39-3 

8*26 

0*23 

10-11 

Cone  a 

XI.  a 

7-38 

13-95 

88-5 

11 '99 

1-89 

6-96 

b 

6-57 

12-29 

720 

10-95 

1-87 

7-62 

c 

5-'80 

9-64 

61-8 

10-65 

1-66 

7-84 

d 

4-46 

4-11 

23-76 

5-32 

092 

15-70 

Cone  b 

"VTT 

All.  a 

814 

14.6 

108 

13-26 

1*79 

g.g 

b 

6-98 

11-40 

87-8 

12-57 

1-63 

6-63 

c 

6-24 

8-28 

60-0 

9-62 

1-83 

8-68 

d 

5-31 

6-70 

32-6 

6-14 

1-26 

13-59 

Cone  c 

XIII,  a 

8  2 

14-4 

116-2 

14-19 

1-76 

5-89 

b 

6-98 

10-24 

75-5 

10-81 

1-47 

7-72 

c 

6-23 

9-30 

50-5 

8-11 

1-49 

10-8 

d 

4.93 

3-82 

27-4 

5-68 

0-77 

14-7 

e 

4-18 

2  09 

18-05 

4-81 

0-5 

19-36 

certain  places.  As  might  be  expected, 
the  alterations  thus  caused  in  the 
contour  of  the  flame  affected  the  curve 
of  maximum  duty  at  different  con- 
sumptions in  a  marked  manner.  Tlfe 
effect  of  using  the  cones  is  shown  m 
Tables  VII.  and  VIII.,  from  which  the 
duty  curves  in  Diagram  V.  have  been 
constructed. 

One  fact  is  made  plain  from  a  con- 
sideration of  these  tables  and  diagrams 
—namely,  that  both  for  hydrogen  and 
carbon  monoxide  the  curve  of  "  maxi- 
mum duties  "  is  altered  considerably 
by  the  cones  as  far  as  it  has  been 
possible  to  follow  it,  and  that  differently 
shaped  con^  have  different  effects. 
Two  reasons  may  be  advanced  in 
explanation  of  this  alteration  of  the 
curves,  they  are  : — 


'j600*  1500*  1400*  1300*  1200*  IIOO*  1000^     1500*  VMXJ"  1300*  1200*  IIOCJ  WOO* 

DiAGBAM  VF — H2  without  cone. 


Diagram  VII. 
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Diagram  VIII.— Hg  with  Diagram  IX.— Ho  with 

cone  B.  cone  C. 
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might  seem  to  require.  In  comparing 
the  cones  as  shown  in  Fig.  5,  it  will  be 
noticed  that  B  and  C  are  both  derived 
from  A  by  reducing  the  diameter  in 


1.  The  "quickening"  or  concentra- 
tion of  the  flame  owing  to  increased 
surface  combustion,  or  some  such 
similar  cause. 
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2.  The  deflection  of  the  flame 
according  to  the  shape  of  the  cone. 
In  considering  the  first,  it  is  neces- 
sary to  look  at  Fig.  4.  This  consists 
of  four  sketches,  showing  the  relative 
distribution  of  brightness  of  the  illu- 
mination given  by  (a)  carbon  monoxide 
with  cone  as  in  sketch  No.  1,  and 
without  a  cone  in  sketch  No.  2  ;  (6) 
hydrogen  with  cone  as  sketch  No.  3  ; 
and  without  a  cone  in  sketch  No.  4. 


always  the  case.  Concentration  of  the 
illumination  invariably  occurs  when 
any  cone  is  used,  but  increase  in  total 
candle  power  is  not  always  effected  by 
concentration.] 

Hydrogen.  In  Diagram  VII.,  it  is 
seen  that  with  cone  A  the  illumination 
is  principally  at  the  bottom  of  the 
mantle,  and  falls  away  rapidly  as  the 
upper  portions  are  approached  ;  where- 
as in  Diagram  VI.,  without  a  cone,  the 
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Diagram  XII.    CO  with         Diagram  XIII.— CO  with 
cone  B.  cone  C. 
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Diagram  X.  —CO  without  cone.  Diagram  XI.  — CO  with  cone  A. 
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The  illumination  is  distributed  in  a 
very  equal  manner  over  the  mantle 
surface  when  the  cone  is  not  in  use. 
On  the  contrary,  vviicn  the  cone  A  is 
in  use  the  illumination  appears  to  be 
mostly  on  the  bottom  parts  of  the 
mantle,  and  is  much  more  brilliant  — 
a  Htatemc^nt  wliich  is  proved  in  the 
particular  experiments  illustrated  by 
the  fact  that  the  duty  afforded  was 
higher  in  both  cases  with  the  cone 
than  without  it.    [This  is  not,  however, 


falling  away  is  not  nearly  so  rapid,  and 
the  upper  portions  of  the  mantle  are 
comparatively  well  illuminated.  In 
Diagram  VIII.,  the  effect  of  cone  B  is 
shown  to  be  in  the  same  direction  as 
cone  A  at  the  bottom  of  the  mantle, 
but  at  the  top  it  allows  of  better 
illumination.  In  Diagram  IX.,  cone 
C/,  with  its  slender  bottom  and  bulging 
top,  (!auses  tlie  Hame  wliicli  lias  partially 
escaped  the  previously-mentioned  quick- 
ening action  of  the  wide  bottomed 
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oones  A  and  B  to  be  deflected  on  to 
the  upper  portions  of  the  mantle,  with 
a  consequently  improved  illumination 
there. 

Carbon  Monoxide.  The  effects  are 
very  similar.  Without  a  cone  (Dia- 
gram X.),  there  is  a  very  even  illu- 
mination over  the  mantle  surface. 
Cones  A  and  B  (Diagrams  XI.  and  XII.) 
cause  quickening  of  combustion  and 
better  illumination  at  the  bottom  and 
less  in  the  upper  portions,  whilst  cone 
C  (Diagram  XIII.),  causing  less  quick- 
ening, and  concentration  of  illumina- 
tion at  the  bottom,  gives  a  better  illu- 
mination at  the  top  of  the  mantle  than 
the  other  cones. 

Returning  to  the  effect  of  the  cones 
on  the  duty  curves  (Diagram  V.),  it 
must  be  concluded  that,  as  far  as  the 
curves  go,  they  show  that  the  duty 
afforded  by  hydrogen  can  be  raised  by 
the  use  of  a  suitably  shaped  cone. 
In  the  case  of  carbon  monoxide,  no 
actual  improvement  is  effected  by  the 
cones,  though  the  direction  of  the 
duty  curves  when  the  cones  are  used 
indicates  a  quicker  rise  of  duty  for  a 
given  increase  in  the  rate  of  consump- 
tion than  without  them.  Could  the 
curves  be  further  extended,  it  is 
possible  that  the  horizontal  part  of  the 
steeper  curves  would  be  higher  than 
that  for  the  less  steep  curve  for  carbon 
monoxide  without  a  cone.  As  this 
can  only  be  settled  by  further  experi- 
ment, the  only  definite  conclusion  so 
far  established  by  the  use  of  the  cones 
is  the  fact  that  they  cause  quickened 
combustion,  and  therefore  concentra- 
tion of  illumination. 


Conclusions. 

The  principal  conclusions  arrived  at 
during  this  investigation  may  be  sum- 
marized as  follows  : — • 

1.  When  hydrogen  is  burnt  in  an 
ordinary  atmospheric  burner  with  a 
degree  cf  aeration  up  to  a  ratio  of 
A-ir 

—:— =  0'5 — i.e.,  the  highest  possible 
H2 

with  such  a  burner — the  duty  afforded 
steadily  decreases  with  a  rising  rate 
of  gas  consumption. 

2.  The  distribution  of  luminosity 
over  the  mantle  with  such  a  burner 
is  vastly  different  with  hydrogen 
than  with  carbon  monoxide  under 
similar  conditions. 

3.  With  an  ordinary  burner,  carbon 
monoxide  invariably  gives  a  very 
much  higher  duty  than  hydrogen. 

4.  When,  by  suitable  manipulation, 
hydrogen  was  made  to  burn  in  a  well- 
aerated  condition,  the  highest  duty 
obtained  was  11*7  candles  per  cubic 

A-ir 

foot,  with  a  ratio  of       =  about  11 
H2 

This,  compared  with  the  best  result 
for  carbon  monoxide  —  viz.,  17*3 
candles  per  cubic  foot  with  a  ratio 
Air 

— —  =  1*9 — shows  a  48  per  cent  margin 
CO 

in  favour  of  carbon  monoxide.  A 
comparison  of  their  calorific  values 
as  used  in  the  test  shows  only  a 
13  per  cent  advantage  in  favour  of 
carbon  monoxide. 

5.  The  use  of  cones  inside  the 
mantle  causes  a  quickening  of  com- 
bustion and  concentration  of  illu- 
mination. 


Annual  Prize  Distribution  at  Northampton  Institute. 


The  annual  prize  distribution  at  the 
Northampton  Institute  (Clerkenwell, 
London)  took  place  on  Friday,  Dec. 
10th,  when  Sir  John  Wolfe  Barry  de- 
livered an  address  in  which  he  eulogized 
the  work  of  the  City  companies  in 
regard  to  technical  education.  It  was 
also  stated  by  the  Principal,  Dr.  R.  M. 
Walmsley,  that  5,600/.  was  to  be 
expended  on  the  erection  of  a  complete 
generating  plant  within  the  building. 


which  would  supply  all  the  require- 
ments as  regards  lighting  and  powder 
in  the  Institute  and  also  enable  students 
to  gain  some  insight  into  the  working 
of  a  central  station. 

As  usual  an  attractive  series  of 
lecturettes  formed  a  feature  of  the 
evening's  arrangements,  and  there  w'as 
also  an  exhibition  of  electrical  and 
optical  apparatus  on  view  in  the 
laboratories. 
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Acetylene  Lamps  in  Mines. 

By  a  Paris  Correspondent. 


Of  recent  years  acetylene  lamps  have 
found  a  wide  application  for  use  in  the 
galleries  and  other  parts  of  collieries, 
and  have  proved  to  be  specially  adapted 
for  mine  illumination,  owing  to  the 
nature  of  the  light,  their  cheapness, 
and  their  advantages  from  the  hygienic 
standpoint. 

Acetylene  lamps,  for  example,  incon- 
venience the  worker  to  a  much  smaller 
extent  than  those  burning  oil.  They 
do  not  smoke  or  flicker,  and  only  cost 
about  0-08  to  0-1  francs  per  day  for 
upkeep  ;  and  in  addition  the  progress 
of  the  miner  carrying  such  lamps  is 
materially  assisted  by  the  brilliancy  of 
their  light,  which  enables  him  better 
to  pick  his  way  in  the  gloomy  sur- 
roundings. In  many  mines  one  acety- 
lene lamp  has  been  able  to  replace  four 
oil  ones. 

In  Germany,  where  mining  lamps 
have  recently  received  special  atten- 
tion, acetylene  safety  lamps,  specially 
adapted  for  use  in  mines  where  the 
presence  of  fire-damp  is  suspected,  have 
been  devised.  Such  lamps  are  com- 
pletely enclosed,  and  are  fire-damp- 
proof.  There  are  also  lamps  for  use 
in  mines  where  no  fire-damp  occurs ; 
at  the  present  day  these  are  the  most 
generally  used,  and  will  be  described 
in  what  follows. 

Let  us,  therefore,  consider  the  quali- 
fications of  a  good  miner's  acetylene 
lamp.  It  must  be  strong,  simple,  and 
not  too  heavy.  It  must  also  be 
capable  of  being  carried  in  all  positions 
and  at  different  inclinations  without 
being  extinguished.  In  order  to  secure 
this  last  result  several  factors  must 
receive  attention,  but  especially  the 
tightness  of  the  junction  connecting 
the  two  parts  of  the  lamp  and  the 
method  of  allowing  the  water  to  come 
in  contact  with  the  carbide. 

These  matters  have  been  very  care- 
fully studied  in  an  article  contributed 
in  a  recent  number  of  the  Revue  des 
Eclairages,  by  M.  A.  Butin,  an  engineer 
who  has  had  considerable  experience 


in  this  department.  In  what  follows 
we  may  summarize  a  few  of  the  most 
important  points. 

In  all  the  well-known  types  of  lamps 
the  method  of  closing  the  juncion 
between  the  two  parts  of  the  lamps  is 
accomplished  in  one  of  the  following 
ways  : — 

L  Closure  by  simply  screwing  the 
two  reservoirs  one  above  the  other. 

2.  Closure  by  aid  of  a  nut  underneath. 

3.  Closure  by  aid  of  a  nut  above. 

4.  Closure  by  means  of  the  pressure 
of  a  band. 

5.  Closure  by  the  use  of  a  series  of 
nuts. 

6.  Closure  on  the  bayonet  system. 

7.  Closure  by  various  modifications 
of  No.  6. 

8.  Closure  by  pressure  exerted 
through  an  eccentric. 

The  method  of  spraying  the  water 
over  the  carbide  may  be  automatic, 
utilizing  a  suitable  valve,  or  the  water 
can  be  regulated  as  may  be  needed 
by  turning  a  screw. 

The  burner  may  be  placed  either  at 
the  top  of  the  lamp,  or  on  the  portion 
forming  part  of  the  water-reservoir,  or 
on  the  receptacle  for  carbide.  The 
reflector  may  take  different  shapes, 
but  the  best  type  is  plane. 

Something  may  be  said  regard- 
ing the  treatment  of  lamps  in  mines. 
This  is  usually  extremely  simple.  All 
that  is  necessary  is  to  clean  out  the 
reservoir  before  inserting  a  fresh  charge 
of  carbide,  and  to  maintain  in  a  clean 
and  free  condition  the  orifices  by  which 
the  water  reaches  the  carbide  and  the 
gas  escapes  through  the  burner. 

Let  us  next  turn  to  the  description 
of  a  few  of  the  chief  types  of  lamps 
which  are  intended  for  use  in  mines. 

The  Granat  Lamp  is  based  on  the 
system  of  simple  direct  closure  (No.  1). 
It  is  composed  of  two  reservoirs,  made 
of  bronze  or  aluminium,  screwed  one 
upon  the  other.    The  whole  resembles 
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Fig.  2.— Hesse-Teller  Lamp. 
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a  conical  box  with  a  polished  wall. 
All  the  accessories,  burner,  adjusting 
screw,  water- aperture,  attachment  of 
the  handle,  &c.,  are  assembled  on  the 
top  of  the  lamp.  The  flow  of  water 
on  to  the  carbide  is  regulated  by  simply 
turning  a  screw- tap,  the  liquid  falling 
straight  on  to  the  mass  of  carbide.  The 
simplicity  and  robust  character  of  this 
lamp  are  its  chief  qualifications. 

The  Hesse-Teller  lamp  is  also  of  a 
very  simple  character,  the  method  of 
closing  being  by  the  use  of  a  nut 
immediately  below  the  carbide-reser- 
voir. The  lower  portion  of  the  water- 
reservoir  contains  a  piece  of  felt  which 
serves  to  filter  off  all  impurities  from 
the  gas  produced.  In  order  to  obviate 
the  necessity  of  regulation  by  the 
workman,  the  flow  of  water  is  con- 
trolled by  means  of  a  tap  which  in  one 
position  completely  closes  and  in  another 
completely  opens  a  graduated  orifice. 
The  flow  of  water  takes  place  regularly 
and  automatically.  If  by  chance  the 
lamp  is  upset  and  the  controlling  valve 
rises,  the  flow  of  water  ceases  imme- 
diately and  the  lamp  goes  out. 


Fig.  .5.— Strempel  Lamp. 


Tlic  Nova  lamp,  on  tlie  other  liand, 
relies  on  closure  by  pressure.  The  disc 
covering  tlie  carbide  is  slightly  curved 
and  carries  a  tube  wliich  rests  on  tlie 
bottom  of  tlie  reservoir,  and  is  sur- 
rounded by  a  perforated  vessel  through 
which  the  water  percolates  on  to  the 
carbide.  Regulation  is  effected  by 
turning  a  screw-tap. 


The  Wolfsegg-Traunthaler  lamp  em- 
ploys the  bayonet  system  of  closure. 
This  joint  is  effected  at  the  base  of  the 
lamp  by  means  of  a  cap  which  presses 
the  brim  of  the  carbide-reservoir  tight 
against  the  body  of  the  lamp.  The 
flow  of  water  is  regulated  by  a  screw- 
cock,  the  alteration  in  position  of  which 
is  recorded  on  a  graduated  dial  ;  the 
spreading  of  the  water  on  the  carbide 
is  facilitated  by  a  perforated  tube. 

The  Strempel  lamp  is  closed  by  means 
of  an  eccentric  locking  device. 

The  water-regulation  is  effected  by 
a  central  screw  terminating  in  a  needle 
orifice  ;  this  communicates  with  a 
central  large  perforated  tube  sur- 
rounded by  carbide,  which,  as  usual,  is 
covered  by  a  suitable  disc-arrangement. 
The  gas  generated  is  caused  to  pass 
through  a  filtering  chamber  on  its 
way  to  the  burner,  which  is  in  this  case 
at  the  side  of  the  lamp. 


Fi(j.  6. — Joris  Lamp. 

There  are,  of  course,  other  types  of 
acetylene  lamps  for  mines,  such  as  the 
"J3"  lamp  and  the  Joris,  Besson,Mercier, 
Wolff,  and  other  types.  Enough  has 
been  said,  however,  to  indicate  the 
general  nature  of  a  few  typicaJ  models 
and  their  sphere  of  usefulness. 
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Oil  as  a  Lighthouse  lUuminant. 

By  R.  H.  Stephens, 
Formerly  of  Trinity  House, 


In  few  branches  of  science  has  greater 
progress  been  made  in  recent  years 
than  in  that  of  hghthouse  illumination. 
Not  much  more  than  a  century  ago 
mariners  were  warned  of  dangerous 
parts  of  the  coast  by  enormous  coal 
fires,  which  were  kept  burning  on  the 
tops  of  stone  towers  erected  and  main- 
tained by  benevolent  persons  on  behalf 
of  our  shipping  industry.  This  system 
was  displaced  by  the  introduction  of 
candles,  and  the  first  revolving  light 
was  erected  in  Great  Britain  at  St. 
Agnes,  Scilly  Isles,  only  about  the 
beginning  of  the  nineteenth  century. 

With  the  advance  of  science  ^.he  lens 
was  brought  into  use,  and  an  improve- 
ment was  made  from  candles  to  colza 
oil  lamps  of  various  forms.  Later, 
paraffin  oil  lamps  with  circular  wicks 
were  used.  The  latest  type  of  this  lamp 
used  by  Trinity  House  was  that  of  eight 
concentric  wicks,  the  outer  one  being 
about  8  in.  in  diameter.  This  gave 
a  remarkably  good  light,  but,  owing 
to  its  construction,  it  was  very  sensitive 
to  changes  in  temperature,  and  required 
constant  attention. 

Both  gas  and  electricity  have  also 
been  introduced  with  more  or  less 
success,  but  in  recent  years  these  have 
met  a  new  competitor,  a  description 
of  which  is  the  subject  of  this  article. 

The  value  of  what  may  be  termed 
incandescent  oil  -  lighting  for  light- 
house illumination  formed  the  subject 
of  comment  in  a  paper  by  Mr.  J.  R. 
Wigham  before  the  Royal  Society  of 
Dublin  in  1900.  One  of  the  most 
essential  characteristics  of  a  successful 
lighthouse  illuminant  is  not  so  much 
high  intrinsic  brilliancy,  as  ability  to 
penetrate  the  atmosphere,  and  it  has 
often  been  maintained  that  the  electric 
arc-light,  for  some  reason,  in  spite  of 
its  great  brilliancy,  is  relatively  lacking 
in  this  penetrative  power.    The  vital 


importance  of  this  quality  in  a  light- 
house illuminant  was  illustrated  a  few 
years  ago  by  the  loss  of  the  liner  Suevic, 
near  the  Lizard,  during  a  dense  fog. 

The  results  of  experiments  of  the 
Royal  Commission  at  the  South  Fore- 
land, about  thirty  years  ago,  favoured 
the  view  that  oil  illuminants,  possibly 
on  account  of  their  being  relatively 
rich  in  the  red  rays  in  the  spectrum, 
possess  greater  penetrating  power  for  a 
given  intensity  than  the  white  electric 
light. 

In  the  incandescent  oil  system  of 
illumination,  of  which  the  Kitson 
liglit  is  a  v/ell- known  example,  cold 
petroleum  vapour,  in  conjunction  with 
an  incandescent  mantle,  is  utilized. 
As  a  result,  a  very  steady  and  brilliant 
light,  rich  in  the  necessary  red  rays, 
is  obtained. 

Mr.  Wigham  describes  the  system 
as  follows  : — 

"  Under  the  Kitson  system,  the 
petroleum  is  placed  in  a  steel  receiver, 
capable  of  containing  the  quantity 
required  for  a  light  for  a  lighthosue 
or  other  place,  for  the  time  for  which 
the  light  is  to  be  shown.  Over  the 
oil  in  the  receiver,  atmospheric  air  is 
compressed  by  an  ordinary  air-pump 
to  a  pressure  of,  say,  50  lb.  per  square 
inch.  This  pressure  remains  practically 
constant ;  a  very  few  strokes  of  the 
piston  of  the  pump  on  the  occasion 
of  each  new  charge  of  petroleum  being 
sufficient  to  renew  the  necessary  pres- 
sure. The  petroleum  under  this  pres- 
sure is  forced  through  a  soft  brass  tube, 
of  very  small  bore,  by  which  it  is  con- 
veyed to  the  position  in  which  the  light 
is  placed.  Being  heated  at  that  point, 
it  is  converted  into  combustible  vapour 
or  gas,  and  discharged  through  a  needle- 
hole  orifice.  The  quantity  of  petroleum 
thus  heated  is  so  exceedingly  small  that 
there  is  no  possible  danger  of  fire  or 
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explosion.    The  tube  in  which  this  to  vivid  incandescence  a  mantle  pro- 

heating   takes   place   is   only   about  vided  for  the  purpose.     This  mantle 

8  in.  in  length,  and  ^  in.  in  diameter,  may  be  similar  to  the  ordinary  type 

To  start  the  lamp,  the  flame  of  a  little  with  which  we  are  so  familiar,  or  mav 

methylated  spirit  is  applied  for  two  or  be  one  of  stronger  character  and  larger 

three  minutes  to  the  heating  tube,  size.    The  intensity  of  the  light  is  not 


1  HOOO. 

2  HC/iT  B/trFLCon  BLANKET 

3  4  WAV  VAPOUR  TUBE. 

4  OIL  SUPPLY  TUBE 

5  •■   RECULATINC  MJCROMCTEflUflLVe. 


TRINITY     HOUSE     BURNER     1300  CP 

BUILT      UNDER     KITSON  LICENCE. 

Fig.  1. 


after  which  the  heat  is  maintained  by 
the  light  itself.  The  gas  issuing  from 
the  needle-hole  enters  a  wider  tube  of 
peculiar  shape  and  dimensions,  and  in 
that  tube  it  is  mixed  witli  air,  forming 
a  powerful  Bunsen  burner,  which  heats 


produced  by  the  heat  alone,  as  in  the 
case  of  the  ordinary  incandescent 
burner,  but  also  by  the  high  pressure 
at  which  the  petroleum  gas  is  burned, 
coupled  with  the  high  illuminating 
power  of  that  gas,*' 
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As  early  as  1885  attempts  had  been  It  is  now  possible  to  produce  from 
made  to  construct  a  burner  for  heating  one  single  mantle  an  illumination  equal 
purposes,  by  injecting  oil  under  pressure  to  4,000  actual  candle-power,  which, 
into  a  chamber  heated  by  the  waste  by  means  of  the  prism  reflector,  can  be 
heat  of  the  flame.  The  jet  of  gas  thus  concentrated  so  as  to  produce  a  flash- 
formed  was  led  into  an  atmospheric  light  of  several  hundred  thousand 
burner,  and,  carrying  in  with  it  sufli-  candle-power. 

cient  air  for  its  own  combustion,  gave  In  no  branch  of  artificial  illumination 

rise  to  a  non-luminous  flame  of  con-  has  so  great  a  revolution  been  achieved 


Fig.  2. 

3,000  CP.  Lighthouse  Installation,  with  Stand,  40-gallon  Oil-tank  Pump,  Drum,  and  Fittings, 

siderable  heating  power.  At  this  time,  during  the  past  ten  years  as  in  oil-light- 
however,  the  Welsbach  mantles  had  ing.  Whilst  the  cost  of  electric  lightirg 
no  reached  a  commercial  stage.  Ex-  has  been  reduced  during  this  period, 
periments  on  the  utilization  of  mantles  perhaps  50  per  cent,  and  that  of  gas 
composed  of  fine  platinum  gauze  led  lighting  75  per  cent  to  80  per  cent,  the 
to  but  little  practical  result,  and  it  was  cost  of  oil  lighting  has  fallen  at  least 
not  until  the  arrival  of  the  commercial  90  per  cent.  The  effect  of  this  remark- 
mantle  in  1895  that  the  application  of  able  improvement  has  been  to  place 
oil- vapour  to  incandescent  lighting  met  that  much  despised  illuminant,  oil,  in 
with  success.  the   front   as   a    rival   in  brilliancy 
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to  the  electric  arc-light,  whilst  in  cheap- 
ness it  claims  to  outclass  both  electric 
and  gas  hghting. 

Prof.  Vivian  Lewes,  in  his  testimony 
before  the  Royal  Commission  on  Coal 


important  departure  from  the  old  waste- 
ful "  wick  "  methods  of  burning  oil. 
It  was  in  the  year  1899  that  the  Trinity 
House  authorities  began  to  experiment 
with  the  incandescent  oil-gas  system, 


Via.  3. 


Sni)phoH,  1ms  () noted  the  relative  cont 
])cr  1 ,000  (;andl(;-p()\\  or  hours  as  1  ^d. 
in  the  case  of  liigh-prcssurc  gas-li^htiiig, 
and  Id.  in  the  case  of  the  Kitsori  light. 
'J'hc  method,  in  fact,  represents  an 


whi(;h  was  first  applied  to  the  Lowestoft 
High  ijighthouse  ;  since  that  date  many 
other  British  lighthouses  have  been 
similarly  equipped  with  the  type 
termed  the  Matthews  burner,  which  is 
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a  lamp  manufactured  under  the  Kitson 
patents.  The  general  nature  of  the 
installation  utilized  by  the  Trinity 
House  authorities  is  shown  in  Fig.  1. 
A  more  recent  example  of  an  equipment 
for  a  lighthouse  is  shown  in  Fig.  2. 
It  has  an  advantage  over  the  Trinity 
House  burner,  in  having  no  overhead 
obstruction,  so  that  all  the  rays  are 
concentrated  and  thrown  on  the  re- 
flector. The  pressure  on  the  oil- tank 
can  be  maintained  either  by  the  ordinary 
air-pump  or  by  carbonic  acid  gas,  both 


of  which  are  furnished  with  this  type 
of  lamp. 

In  order  to  maintain  a  constant  pres- 
sure upon  the  oil,  two  tanks  may  be 
employed,  one  for  oil  and  one  for  air, 
and  a  regulating  valve  is  placed  between 
the  two,  so  as  to  keep  the  pressure 
upon  the  oil  constant  at  all  times 
(see  Fig.  3). 

Such  lamps  can  De  started  in 
one  minute,  and  will  run  for  100 
to  200  hours  without  further  atten- 
tion. 


The  Exhibition  of 

The  fifth  annual  exhibition  of  electrical, 
optical,  and  physical  apparatus,  under 
the  auspices  of  the  Physical  Society,  was 
held  at  the  Imperial  College  of  Science 
on  December  14th.    Several  demonstra- 
tions were  arranged  during  the  day, 
including  some  experiments  by  Prof. 
C.  V.  Boys  on  Soap-bubbles  and  a  dis- 
,    play  of  combinations  of  mica  and 
I    selenite  crystals  by  Professor  S.  P. 
j  Thompson. 

^      In  addition  the  exhibits  included 
several  items  of  interest  dealing  with 
photometry.      Messrs.   Elliott  Bros., 
I   Ltd.,  exhibited  the  latest  pattern  of 
1  Hajrrison     Photometer,  provided 
'   with    both   flicker    and   equality  of 
j  brightness     arrangements,  enabling 
measurements  to  be  made  both  in 
1  incUned  planes  and  in  the  horizontal. 
/   This  instrument  has  been  described  in 
previous  numbers  of  this  journal  {Illu- 
miriating  Engineer,  vol.  i.  1908,  pp.  504, 
1051). 

Messrs.  Everett,  Edgcumbe  &  Co. 
also  showed  various  types  of  photo- 
meters. The  Trotter  Universal 
Illumination  Photometer  was  on 
view,  and  also  the  device,  recently 
utiUzed  by  Mr.  P.  J.  Waldram  (see 
Illuminating  Engineer,  vol.  i.  1908, 
p.  811),  and  originally  devised  by  Mr. 
Trotter,  which  enables  this  instrument 
to  be  used  for  Daylight  Illumination. 
The  nature  of  this  device  will  be 
recalled  from  the  description  in  Mr. 
Waldram's  article  referred  to  above. 


he  Physical  Society. 

The  arrangement  has  been  used  by 
Mr.  Waldram  for  the  study  of  the 
daylight  conditions  in  many  interiors 
in  London. 

The  Direct  Reading  Portable 
Photometer,  exhibited  by  the  same 
firm  is  a  self-contained  arrangement 
intended  for  the  rapid  testing  of 
carbon  and  metallic  filament  lamps. 
The  arrangement  is  claimed  to  be 
exceptionally  compact  and  to  be  capable 
of  being  used  in  broad  daylight.  It  is 
utilized  with  a  standard  and  a  com- 
parison lamp  "  on  the  double  weigh- 
ing system.  The  distance  of  the  lamp 
to  be  tested  from  the  photometrical 
surface  is  virtually  increased  by  the 
use  of  a  series  of  mirrors,  but  by 
using  the  double  weighing  method  the 
necessity  for  considering  their  co- 
efficient of  reflection  is  avoided.  The 
adjustment  of  the  intensity  of  illumina- 
tion on  the  photometric  surface  is 
made  by  altering  its  inclination,  the 
candle-power  of  the  lamp  being  read  on 
an  experimentally  obtained  scale. 

There  was  also  exhibited  a  10  ft. 
metal  bench,  provided  with  the  Everett- 
Edgcumbe  direct  reading,  adjustable 
screen  photometer  head,  which  can  be 
used  either  as  a  "  flicker "  or  as  a 
comparison  photometer. 

There  were  also  some  other  exhibits 
of  interest  from  the  standpoint  of 
illumination.  For  instance  the  Weston 
Electrical  Instrument  Co.  showed  a 
portable  wattmeter  equipped  with  a 
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lampliolder,  to  be  utilized  for  the 

COMPARISON  OF  CARBON  FILAMENT  AND 
METALLIC     FILAMENT     LAMPS,     &C.  A 

lamp  of  each  type  was  provided  to 
enable  visitors  to  make  this  comparison. 
(It  may  be  mentioned,  by  the  way, 
that  carbon  filament  lamps  seemed  to 
predominate  in  the  portion  of  the 
building  used  for  the  exhibition.) 

Another  interesting  exhibit  was  the 
Mourn  Illuminating  Apparatus  ex- 
hibited by  Messrs.  Carl  Zeiss.  This 
instrument  is  chiefly  constructed  to 
illuminate  the  interior  of  the  mouth 
with  an  intense  uniform  light.  An  arc 
lamp  is  fitted  at  an  angle  to  the  con- 
densing lens  system,  the  latter  being 
mounted  in  a  conical  tube.  The  con- 
denser forms  on  the  projection  lens  an 
image  of  the  position  crater  of  the 
arc  lamp  when  the  projection  lens  pro- 
jects an  image  of  the  aperture  of  the 
condenser,  five  times  magnified,  at  a 
distance  of  one  metre. 

Mention  should  also  be  made  of  the 
Gas-Leakage  Indicator  of  the  Cam- 
bridge Scientific  Instrument  Co.,  Ltd. 
This  is  an  ingenious  application  of  the 
principle  of  the  diffusion  of  gases. 
An  elastic  metal  chamber  is  closed  by 
a  porous  tile.  When  it  is  brought 
into  an  atmosphere  charged  with  gas, 
the  gaseous  atoms  diffuse  through  the 
porous  tile  with  greater  rapidity  than 
the  enclosed  air  passes  out.  The 
pressure  in  the  chamber  is  thus  tem- 
porarily increased,  causing  expansion, 
which  is  communicated  by  suitable 
mechanism  to  a  dial  pointer. 

The  same  firm  also  exhibited  several 
types  of  Fery  Pyrometers. 

The  Lithanode  Co.  exhibited  different 
types  of  nonspillable  and  other  type 
of  accumulators,  and  also  forms  op 
Handlamps  for  Mines,  &c. 

Mention  should  also  be  made  of  the 
system  of  "  Anticlastic  Levers  " 
(exhibited  by  Messrs.  Strange  &  C. 
Graham,  Ltd.,  as  applied  to  models 
of  flaj)ping  winir  flight,  collapsible 
boats,  &c. 

Conditions  of  Kf)ace  prevent  our 
referring  in  detail  to  many  otlier 
interesting  exhibits  less  closely  con- 


nected with  illumination.  Thus  the 
Cambridge  Scientific  Instrument  Co. 
also  exhibited  Duddell  Oscillo- 
graphs and  Thermo-Galvanometers 
and  ammeters,  and  Drysd ale's  Slip 
Meter  for  the  stroboscopic  measure- 
ment of  frequency  and  speed.  A 
demonstration   of   the  instantaneous 

PROJECTION     of    B    and     H  CURVES 

by  the  Abraham  Projection  Rheograph 
was  also  given.  Messrs.  Casella  & 
Co.,  A.  C.  Cossor,  H.  W.  Cox  &  Co., 
J.  H.  Dallmeyer,  Carl  Zeiss  Hilger, 
Ross  &  Co.,  and  others,  were  responsible 
for  the  exhibition  of  scientific  photo- 
graphic and  optical  apparatus. 

Messrs.  Newton  &  Co.  showed  various 
types  of  Gyroscopes,  springs,  pendu- 
lums, &c.,  and  a  collection  of  Elec- 
trical Measuring  and  Testing  Appa- 
ratus of  all  kinds  was  exhibited 
by  Messrs.  Isenthal  &  Co.,  Muirhead 
&  Co.,  Nalder  Bros.  &  Thompson, 
R.  W.  Paul,  Siemens  Bros.,  Snell  8t 
Tinsley,  in  addition  to  Messrs.  Elliott 
Bros.,  Everett  Edgecumbe  &  Co.,  the 
Weston  Electrical  Instrument  Co.,  and 
several  of  the  firms  previously  men- 
tioned in  other  connexions. 

We  may,  perhaps,  without  wishing 
to  appear  ungracious,  conclude  this 
account  of  the  display  by  a  reference 
to  one  feature  of  the  exhibition  which, 
though  not  intended  for  examination 
in  the  same  sense  as  the  exhibits,  is  of 
special  interest  to  us — ^namely,  the 
ligliting  arrangements.  The  illumina- 
tion was  not  always  adequate,  and  we 
should  think  that  the  more  liberal  use  of 
metallic  filament  lamps  in  the  Imperial 
College  of  Science  might  be  beneficial  ; 
it  must  be  added  that  many  of  the 
fixtures  employed  are  certainly 
open  to  improvement.  For  instance, 
unshaded  naked  lamps  were  almost 
invariably  employed,  and  the  ob- 
ject of  certain  transparent  glass 
shades  attached  to  some  of  the  chan- 
deliers is  not  very  obvious ;  they 
certainly  play  no  appreciable  part  in 
sliading  or  directing  the  light.  Also  the 
permanent  arrangements  for  the  illu- 
mination of  the  main  steps  of  the 
building  seem  to  leave  something  to  be 
desired. 
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The  Progress  of  Illuminating  Engineering  in  Europe. 


By  H.  Thurston  Owens. 


A  paper  pres3nted  at  the  Third  Annual  Convention  of  the  Illuminating  Engineering  Society,  New  York, 

Sept.  27,  28,  29,  1909  ;  abbreviated. 


The  subject  of  illuminating  engineering 
has  been  considered  by  the  lighting 
engineers  of  Europe  ever  since  the 
movement  began  in  this  country  over 
three  years  ago,  but  did  not  become 
prominent  until  the  London  Illumina- 
ing  Engineer  was  started  on  January 
1st,  1908,  by  Mr.  Leon  Gaster,  assisted 
by  Mr.  J.  S.  Dow. 

The  former  had  previously  read  two 
papers  dealing  with  the  subject  which 
aroused  considerable  discussion,  but  the 
advent  of  the  magazine  proved  that  the 
subject  was  well  worthy  of  attention, 
contributions  from  the  foremost  engi- 
neers, not  only  of  England  but  of  the 
Continent  rapidly  dispelling  any  doubts 
to  the  contrary. 

One  of  the  most  significant  events 
since  the  movement  started  was  the 
fact  that  the  privilege  of  delivering 
a  series  of  the  Cantor  lectures  on 
'  Modem  Methods  of  Illumination  ' 
was  conferred  upon  the  editor  of  The 
Illuminating  Engineer,  Mr.  Leon  Gaster. 
These  lectures  are  given  before  the 
Royal  Society  of  Arts. 

The  British  Illuminating  Engineering 
Society. — About  the  time  the  lectures 
were  delivered  a  dinner  was  held  by  the 
chief  supporters  of  the  movement, 
and  the  British  Illuminating  Engineer- 
ing Society  was  organized  (February 
9th,  1909). 

This  was  a  remarkably  short  space  of 
time  considering  the  large  number  of 
societies  which  have  found  a  home  in 
London  and  the  general  apathy  toward 
innovations  along  these  lines  among  the 
engineers  and  scientists  of  our  mother 
country. 

It  is  the  intention  of  the  Society  to 
become  international  in  character  and 


to  work  in  harmony  with  this  society. 
An  important  feature  of  the  work  under- 
taken is  the  large  number  of  prominent 
men  on  the  Continent  and  in  America 
who  have  been  elected  corresponding 
members. 

The  Lighting  Conditions. — The  pro- 
fession of  illuminating  engineering  is 
still  in  its  infancy  abroad,  just  as  it  is 
with  us ;  but  the  almost  universal  use 
of  modern  high  powered  illuminants 
has  made  it  evident  that  the  sooner 
the  services  of  impartial  practitioners 
are  obtained  the  better.  Yet  the 
science  of  lighting  has  been  handled  for 
a  much  longer  period,  and  some  lamps 
which  we  term  modem  illuminants  and 
have  been  hardly  tried  have  become  an 
old  story  with  them. 

To  illustrate  this  more  fully,  let  us  con- 
sider the  following.  High-pressure  up- 
right gas  lamps  were  installed  for  public 
lighting  in  Berlin  less  than  ten  years  ago, 
but  they  are  to  be  changed  to  the  in- 
verted type,  as  they  have  become 
obfiolete  ;  in  this  country  neither  type 
has  been  used  at  all  except  in  one  or 
two  minor  instances. 

Flaming  arc  lamps  will  be  found  in 
practially  every  large  city  abroad, 
while  this  illuminant  remains  an  adver- 
tising medium  with  us. 

The  lamps  used  for  lighting  our  homes 
to-day  were  the  lamps  used  for  public 
ing  yesterday,  so  that  we  may 
predict  with  fair  accuracy  that  the 
lamps  used  to-day  for  public  lighting 
will  soon  see  their  way  into  our  build- 
ings. 

Street  Lighting. — ^We  have  heard  much 
of  the  superior  street  Ughting  to  be 
found  abroad,  but  nevertheless  an 
American  would  have  to  be  decidedlv 
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blase  not  to  be  forcibly  struck  by  the 
profusion  of  lights  and  the  high  intensity 
of  the  illumination  involved. 

London  is  divided  into  a  large 
number  of  boroughs,  and  each  is 
apparently  trying  to  outdo  the  other 
in  providing  the  best  street  illumination 
possible,  regarrdless  of  expense,  with  the 
result  that  there  are  all  kinds  and  con- 
ditions of  lamps  hung  in  almost 
every  conceivable  manner. 

The  subject  was  recently  investigated 
by  a  committee  for  the  City  of  London, 
and  their  report  is  a  valuable  addition 
to  lighting  literature. 

Outside  lamps  are  very  popular  with 
storekeepers,  and  in  a  large  number  of 
iiwtances  hoods  with  transparent  letter- 
ing are  placed  upon  the  street  side, 
a  practice  which  could  be  followed 
in  this  country  to  advantage. 

Scheveningen,  a  summer  resort  in 
Holland,  boasts  a  mile  of  flaming  arcs 
along  the  ocean.  These  are  installed 
upon  handsome  steel  poles  which  would 
do  credit  to  a  metropolis. 

[The  author  then  proceeds  to  refer 
briefly  to  the  lighting  of  various  Con- 
tinental cities,  most  of  w^hich  are 
mentioned  in  the  report  of  the  London 
Corporation  Deputation.] 

General. — The  principal  differences 
between  Europe  and  America  in  the 
minor  details  of  the  practice  in  public 
lighting  are  as  follows  : — 

Circular  or  boulevard  globes  on  gas 
lamps  are  unknown  abroad,  but  the 
lack  is  made  up  by  the  use  of  reflectors, 
which  we  had  entirely  neglected. 

Interior  Lighting. — Wlien  comparing 
the  lighting  conditions  abroad  we  must 
remember  that  the  spirit  of  competition, 
between  the  greal  illuminants  gas  and 
electricity  is  Jimch  keener  there  than  at 
lioirie. 

In  London  onv,  comj)any  alone  main- 
tains nearly  200,000  burners  for  con- 
Huniers  and  in  addition  nearly  50,000 
puhH{;  lam2)H. 


Gas  is  used  for  many  purposes  and  in 
many  instances  which  are  given  over  to 
electricity  in  the  majority  of  cases  here. 
The  result  is  that  gas  fixtures  are  an 
ornament  rather  than  an  eyesore.  This 
is  especially  true  in  Germany,  where 
art  nouveau  is  in  great  favour,  and 
rightly  so,  to  judge  from  the  beautiful 
effects  obtained. 

In  glassware  other  than  the  very 
handsome  installations  we  have  not 
much  to  learn,  as  the  new  high  efficiency 
lamps  which  have  been  used  to  replace 
the  older  types  are  as  a  rule  somewhat 
larger  in  size  and  do  not  fit  the  old 
glassware. 

The  matter  of  maintenance  receives 
much  more  care  and  attention  than  we 
bestow  upon  it,  and  broken  mantles 
or  dirty  bulbs  are  the  rarest  exception. 

The  indictment  against  America  on 
account  of  having  sources  of  high 
candle-power  in  the  line  of  vision  must 
also  be  made  against  Europe,  especially 
in  the  large  cities. 

Europe  has  anticipated  us  in  the  use 
of  these  modern  lamps,  but  we  have 
anticipated  them  by  spreading  a  deeper 
and  better  understanding  of  their  use 
and  misuse. 

It  is  indeed  fortunate  that  illuminat- 
ing engineering  has  made  a  strong  foot- 
hold in  this  country,  at  a  time  in 
advance  of  the  general  use  of  light 
sources  which  are  a  great  menace  to  our 
eyesight  unless  properly  used. 

We  are  making  history  in  lighting  ' 
to-day,   and   it   behoves   us   to  get 
together  and  make  it  worthy  of  our 
best  efforts. 

The  old  illuminants  will  soon  be 
replaced  by  the  new,  and  we  as  illu- 
minating engineers  have  a  magnificent 
opportunity  to  obtain  for  the  present 
generation  and  the  generation  to  come 
conditions  which  will  not  only  tend  to 
preserve  our  natural  resources  through 
the  intelligent  use  of  lighting  appliances, 
but  also  to  protect,  and  perhaps 
better,  the  vision  of  our  fellow  beings. 
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Electricity  for  Interior  Lighting. 


In  a  recent  number  of  the  A. E.G. 
Zeitung,  to  which  we  are  indebted  for 
the  illustrations  accompanying  this 
article,  Dr.  L.  Bloch  writes  on  the 
applications  of  electric  lighting  to 
dwelling-houses  from  the  aesthetic 
standpoint.  A  sharp  distinction  can 
be  drawn  between  the  so-called  purely 
utilitarian  aspects  of  illumination  for 
office-lighting  and  so  forth  and  the 
conditions  which  have  to  be  con- 
sidered in  lighting  an  elegant  interior. 


There  is,  of  course,  no  reason  why  the 
use  of  the  more  efficient  lamps  should 
not  be  equally  conducive  to  artistic 
effects  when  rightly  used.  But  there  are 
several  respects  in  which  caution  must 
be  exercised.  For  instance,  many  of 
the  old  fittings  intended  for  carbon 
filament  lamps  achieved  their  purpose 
quite  well  because  the  shades,  &c.,  were 
so  designed  as  to  cover  up  the  naked 
filament  and  diffuse  the  light.  But 
when  the  longer  metallic  filament  lamp 


Fig.  1. — Room  Lighted  by  Fixture  co 

The  design  of  the  lights  and  fittings 
in  the  latter  case  opens  out  a  field  for 
useful  effort  on  the  part  of  the  artist  and 
the  craftsman  in  ornamental  metal- 
work.  In  particular  we  have  to  con- 
sider how  to  use  the  new  metallic  fila- 
ment lamps  so  as  to  give  us  at  once 
a  good  and  pleasing  illumination,  and 
yet  so  as  not  to  mar  the  dainty  effects 
which  have  been  achieved  in  existing 
fittings  intended  for  the  old  carbon 
filament  lamps. 


itaining  Imitation  "Electric  Candles." 

is  introduced  it  projects  and  looks 
unsightly  even  when  not  lighted — 
and  still  more  so  when  burning,  owing 
to  the  exposed  metallic  filament. 

However,  progress  in  the  direction 
of  making  metallic  filament  lamps  with 
more  dainty  shapes  of  bulbs  has  been 
made.  Several  firms  now  supply 
100- volt  lamps  with  the  filament  packed 
away  in  the  same  size  and  shape  of  bulb 
which  we  have  learned  to  associate 
with  the  carbon  filament.    Such  lamps 
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can  be  satisfactorily  used  with  existing 
shades.  In  addition  spherical-shaped 
bulbs  can  often  be  used  with  advantage. 

Another  matter  which  is  of  urgent 
importance  to  consider  is  the  added 
intrinsic  brilliancy  of  the  metallic  fila- 
ment. This  has  made  it  more  essential 
than  ever  to  screen  the  filament  and 
diffuse  the  light,  and  this  principle, 
Dr.  Bloch  suggests,  rests  both  on  a 
practical  and  on  an  artistic  basis. 

Ws  must,  therefore,  make  use  of 
diffusing  shades  of  frosted,  opal,  or 
cut  glass,  and  Dr.  Bloch  makes  special 
mention  of  the  Holophane  reflectors  for 
use  with  fixtures  of  an  ornamental 
variety.  The  style,  of  fixtures  intended 
for  use  with  metallic  filament  lamps 
has  been  modified  by  the  advisability 
of  usually  burning  such  lamps  in  a 
hanging  position.  The  original  neces- 
sity of  adopting  this  plan,  however, 
was  not  altogether  a  bad  thing,  because, 
as  a  rule,  the  proper  diffusion  of  light 
is  favoured  thereby  and  there  is  less 
likelihood  of  any  obstruction  of  the 
light.  It  may  be  regarded  as  a  principle 
that,  while  taking  the  necessary  pre- 
cautions to  avoid  glare,  we  ought  to 
avoid,  as  far  as  possible,  any  obstruc- 
tion between  the  source  of  light  and  the 
object. 

Although  many  of  the  higher  voltage 
metallic  filament  lamps  are  still  best 


burned  in  a  hanging  position,  however, 
the  same  restriction  does  not  apply  to 
low  voltage  lamps,  with  a  relatively 
low  candle-power  and  stiff  filaments. 
Lamps  of  this  class  are  very  readily 
utilized  in  the  form  of  imitation 
candles  and  can  be  applied  to  old  types 
of  fittings  intended  for  a  cluster  of 
wax  candles,  as  shown  in  one  of  the 
illustrations  (Fig.  2)  on  the  opposite 
page.  Fig.  1  also  shows  a  room 
lighted  with  a  fixture  of  this  class 
Fig.  3  shows  a  fixture  combining  the 
candles  in  a  vertical  position  with 
hanging  lamps  below.  Figs.  4  and 
5  display  elegant  types  of  fixtures 
with  hanging  lamps  equipped  with 
diffusing  globes  and  reflectors  respec- 
tively. 

Another  special  departinent  in  in- 
terior lighting  which  has  only  received 
due  attention  of  late  years  is  the  pro- 
vision of  portable  and  additional  lamps 
for  special  purposes.  Sui^h  lamps  are 
exceedingly  useful  for  reading,  and  for 
the  dressing  table,  &c.  In  addition, 
electricity  lends  itself  especially  well 
to  the  local  concentartion  of  lights  for 
the  pianoforte  and  for  illuminating 
pictures  and  objects  of  special  interest. 
Needless  to  say,  this  latter  branch  of 
illumination  calls  for  special  care  and 
taste  and  offers  a  field  for  considerable 
ingenuity  to  those  gifted  with  artistic 
instincts. 


Cheap  Terms  fo: 

In  order  to  encourage  the  lighting-up 
of  porches,  &c.,  of  private  residences 
the  Los  Angeles  Gas  and  Electric  Co. 
have  adopted  a  special  system.  They 
charge  70  cents  a  month  for  an  8  c.-p. 
light  burning  all  niglit  on  the  threshold 
of  private  residences.  This  is  quite 
outside  the  ordinary  lighting  bill,  and 
it  is  stated  that  many  residents  have 
taken  advantage  of  the  cheap  terms 
to  install  si.ch  lights  as  a  protection 
against  burglars. 
There  is,  liowever,  another  possible 


Porch  Lighting, 

direction  of  utility  of  such  lights. 
Most  of  us  have  at  some  period  or  other 
wasted  a  considerable  time  trying  to 
find  a  house  in  some  suburban  street, 
owing  to  the  fact  that  its  name  or 
number  was  absolutely  indistinguish- 
able in  the  dark.  Probably  any  gas 
or  electrical  supply  company  that  could 
take  measures  to  encourage  the  ade- 
quate lighting  of  the  names  or  numbers 
of  villas  so  as  to  be  easily  discerned 
by  a  stranger  to  the  district  would  earn 
the  gratitude  of  many. 
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Types  of  Decorative  Electric  Fixtures. 
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Free  Maintenance  of  Incandescent  Mantles  for  Consumers 

—and  other  Matters. 


A  PAPER  was  recently  delivered  by  Mr. 
H.  N.  Clark  of  West  Ham  at  the 
Southern  Association  of  Gas  Engineers 
(see  Gas  World,  Nov.  6),  which  raised 
several  questions  of  considerable  in- 
terest from  the  standpoint  of  the  con- 
sumer. In  view  of  the  discussion 
which  has  been  proceeding  as  to  the 
treatment  of  consumers  by  electrical 
supply  companies  (see  paper  by  Messrs. 
Handcock  and  Dykes,  Ilium.  Eng., 
Lond.,  December,  p.  853)  the  considera- 
tion of  the  future  attitude  of  gas  com- 
panies will  be  followed  with  interest. 

One  matter  which  was  the  subject 
of  much  discussion  was  the  policy  of 
free  maintenance.  It  was  of  course 
recognized,  the  speaker  pointed  out, 
that  the  inverted  mantle  constituted  a 
more  artistic  and  economical  method  of 
lighting  than  the  old  upright  burner  ; 
at  the  same  time  it  must  be  admitted 
that  it  was  somewhat  more  difficult 
to  manipulate.  In  Croydon,  West 
Ham,  and  other  districts  the  comp- 
panies  therefore  introduced  a  scheme 
by  which  the  company  supplied  new 
mantles  of  good  quality  for  a  reasonable 
sum,  undertook  attention  to  the  burners 
and  generally  looked  after  the  main- 
tenance of  the  lights  in  proper  order 
free  of  charge.  However,  it  was  ad- 
mitted by  the  speaker  that  energy  was 
still  needed  to  make  the  great  majority 
of  consumers  better  acquainted  with 
the  merits  of  the  scheme .  For  instance , 
in  West  Ham  they  were  as  yet  only 
maintaining  about  6  per  cent  of  the 
existing  installations,  and  the  problem 
was  how  to  secure  the  other  94  per  cent 
of  consumers.  Some  of  the  speakers 
in  the  discussion,  however,  were  able 
to  put  forward  somewhat  more  en- 
couraging figures.  Thus  Mr.  Price,  of 
Hampton  Wick,  mentioned  that  2,000 
out  of  a  total  of  L5,000  consumers  had 
adopted  the  free  maintenance  system, 
and  Mr.  J.  H.  Cornish,  of  Bridge  water 
said  tliat,  in  the  small  country  town 
lie  represented  600  out  of  1,330  con- 
sumers had  fallen  in  with  tlie  suggestion. 

Another  matter  to  which  reference 
was  made    was   the    effect   of  the 


policy  on  the  local  ironmonger,  who 
at  present  frequently  supplied  both 
gas  and  electrical  apparatus.  Mr. 
Clark  said  that  gas  companies 
were  willing  to  fall  in  w4th  the 
position  of  the  ironmongers  as  far  as 
possible  by  making  them  agents.  He 
added  that  it  was  desirable  that  iron- 
mongers who  contemplated  doing  busi- 
ness with  gas  and  electric  fittings  should 
bear  in  mind  the  necessity  of  making 
themselves  better  acquainted  with  light- 
ing problems.  The  supply  of  mantles 
by  the  Gas  Company,  moreover,  had 
this  advantage,  that  the  consumer 
bought  a  good  quality  of  mantle, 
though  he  might  have  to  pay  more 
than  he  would  for  a  poor  article  pur- 
chased elsewhere,  and,  needless  to  say, 
the  conditions  of  illumination  enjoyed 
by  the  consumer  w  ere  improved  by  the 
supervision  of  experts. 

Mr.  Clark  also  referred  to  the  field 
open  to  gas  in  illuminated  signs  which 
had  hitherto  come  to  be  regarded  as 
opportunities  for  electric  lighting.  He 
also  spoke  of  the  supply  of  high  pressure 
gas  lighting  for  shops.  In  this  con- 
nexion surprise  was  expressed  by  somel 
present  at  the  advocacy  by  the  speaker 
of  electric  motors  for  the  power  supply,  I 
on  the  score  of  convenience  and  sim- 
plicity. This  seems  to  be  one  direc- 
tion where  gas  and  electricity  may 
sometimes  work  hand  in  hand.  . 

One  rather  interesting  statement  of 
Mr.  Clark  was  that  in  West  Ham  even 
educated  people  came  to  the  sho\\- 
rooms  asking  to  be  supplied  with 
electric  lamps  and  fittings.  Tliey  ex- 
pressed much  surprise  when  told  that 
it  was  not  the  usual  practice  to  supply 
one's  opponent's  goods.  The  author 
draws  the  conclusion  that  many  con- 
sumers still  require  to  be  educated  in 
the  elementary  distinctions  between  gas 
and  electric  lighting  apparatus.  Another 
conclusion  which  might  perhaps  be 
fitly  dra\\'n  is  the  advantage  enjoyed 
by  the  supply  company  which  is  con- 
cerned with,  the  supply  of  both  gas  and 
electricity. 
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Scientific  School  Lighting. 

(From  Holophane  Illumination,  November,  1909  ;  abbreviated.) 


Both  municipal  authorities  and  the 
general  pubHc  are  becoming  more  and 
more  ahve  to  the  fact  that  in  justice  to 
the  children,  the  simple  principles  of 
good  artificial  illumination  must  not  be 
neglected  in  lighting  schoolrooms.  For 
there  are  few  schools  which  do  not  require 
a  certain  amount  of  artificial  light,  and 
many,  during  the  winter  months,  are 
lighted  artificially  late  in  the  afternoon 
nearly  every  day. 

Many  investigations  in  regard  to 
the  condition  of  eyesight  in  school 
children  have  been  carried  out  recently 
both  here  and  abroad.  * 

Moreover,  the  Vermont  State  Legis- 
lature, U.S.A.,  in  1905,  began  a  study  of 
the  eyesight  of  children  in  the  schools, 
and  recent  reports  show  that  34  per  cent 
of  these  children  were  found  to  have 
defective  vision.  In  New  York,  of 
58,948  children  recently  examined,  17,938 
1  or  30  per  cent,  were  found  to  have 
\  defective  vision.  A  circular  issued  by 
the  United  States  Bureau  of  Information 
shows  that  near-sightedness  steadily  in- 
i creases  from  class  to  class,  until  in  the 
highest  grades  of  the  public  schools  as 
!many  as  60  to  /O  per  cent  of  children 
have  defective  eyesight.  Many  similar 
figures  could  be  given,  but  the  above 
are  sufficient  to  show  the  importance  of 
the  subject.  It  is  true,  of  course,  that 
all  defective  eyesight  cannot  be  attributed 
to  poor  artificial  lighting,  but  the  con- 
nexion is  sufficiently  evident  to  emphasize 
the  necessity  of  paying  great  attention 
to  proper  illumination. 

Some  of  the  important  causes  of  in- 
jurious effects  due  to  improper  lighting 
are  as  follows  : — 

1.  Too  little  light. 

2.  Too  much  light. 

3.  Glare. 

4.  Undesirable  shadows, 

5.  Regular  reflection. 

6.  Streaks. 

The  first  two  of  these  causes  can  be 
eliminated  of  course  by  providing  imiform 
illumination  of  correct  intensity.  The 
intensity  generally  accepted  as  desirable 
is  from  2  to  3  foot-candles. 


*  For  some  figures  on  this  subiect  see  Illu- 
minating Engineer,  London,  Vol.  I.,  1908,  p.  58. 


Glare  probably  causes  more  injurious 
effects  than  any  other  one  evil  in  school- 
lighting  systems.  This  is  due  to  the  fact 
that  it  is  common  practice  to  place  light 
sources  6  ft.  6  in.  to  7  ft.  above  the  fioor 
and  to  use  reflectors  or  shades  of  such 
shape  that  the  bare  filament  is  practically 
within  the  range  of  vision.  Figure  1 
illustrates  such  an  installation.  Any 
attempt  to  see  past  these  lights,  as  is 
necessary  in  looking  at  a  black-board, 
causes  considerable  eye-strain. 

Undesirable  shadows  are  usually  caused 
by  the  use  of  too  few  light-sources,  dr  by 
placing  the  light  sources  too  near  the 
centre  of  the  room.  In  a  room  24  ft. 
square  it  is  common  to  see  four  light- 
units  arranged  in  the  form  of  an  eight- 
foot  square  in  the  centre  of  the  room. 
This  arrangement  will  not  give  satisfactory 
illumination  on  all  the  desks.  In  such  a 
case,  it  is  desirable  to  use  more  units, 
but  if  only  four  are  supplied  they  should 
be  placed  more  than  8  ft.  apart  in  order 
to  obtain  sufficient  light  on  the  desks 
near  the  wall. 

Regular  reflection  exhibits  itself  as  a 
glare  seen  on  a  polished  surface,  such  as 
the  surface  of  a  desk.  It  is  eliminated 
by  having  the  light  come  from  the  proper 
direction  and  by  having  light  sources  of 
low  intrinsic  brilliancy. 

Streaks  or  striations  in  the  illumination 
are  caused  by  the  imreflected  light  from 
a  lamp  or  by  light  reflected  from  a  very 
smooth  or  polished  surface,  such  smooth 
opal  or  polished  aluminiimi.  These 
streaks  cause  the  eye  to  try  to  accom- 
modate itself  to  two  intensities  of  illu- 
mination at  the  same  time,  an  attempt 
which  cannot  fail  to  be  harmful. 

Several  schemes  using  Holophane  re- 
flectors have  been  installed  with  satisfac- 
tion, and  a  number  of  these  are  given  as 
examples  of  good  school  lighting.  The 
standard  schoolroom  is  approximately 
24  ft.  by  30  ft.  to  32  ft.  Very  good 
results  can  be  obtained  by  using  five 
lights  spaced  as  shown  in  Fig.  3.  Each 
unit  consists  of  either  one  100-watt 
or  one  60-watt  bowl-frosted  tungsten 
lamp  and  Holophane  intensive  reflector, 
the  size  of  lamp  depending  upon  the  colour 
of  ceiling  and  walls.    It  is  highly  desir- 
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able  to  have  the  reflectors  satin  finished, 
as  this  produces  a  much  softer  effect,  and 
does  not  decrease  the  illumination  more 
than  a  few  per  cent.  The  light  units 
should  be  placed  about  9  ft.  6  in.  above 
the  floor,  and  the  resulting  illumination 
will  be  somewhat  over  2  foot-candles 
with  60-watt  lamps  when  the  ceiling  and 
walls  are  both  light  in  colour.  In  this 
connexion  it  should  be  stated  that  it 
is  desirable  to  have  ceiling  and  walls 
light  in  colour.  The  additional  illumina- 
tion received  from  reflected  light 
is  of  great  assistance  in  breaking  up 
shadows  and  reducing  their  density. 
Holophane  reflectors  are  of  special 
value  in  this  respect,  since  they  are 
made  of  clear  glass  and  the  absorption 
is  very  low  and   nearly  all  the  light 
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Fig.  3. 


In  large  schoolrooms  the  same  general 
scheme  as  given  above  can  be  carried  out, 
using  more  light  units.  The  directions 
for  office-lighting  as  given  in  the  May 
issue  of  Holophane  Illumination  can  be 
successfully  applied  to  large  school-rooms. 
Schoolrooms  differ  from  offices,  however, 
in  that  the  desks  all  face  in  one  direction, 
making  it  possible  to  locate  the  light- 
units  in  such  a  way  that  the  maximum 
light  is  always  received  from  the  left. 

The  illustrations.  Figs.  1  and  2,  show 
graphically  the  difference  between  the 
ordinary  slip-shod  installation  of  un- 
scientific equipment  and  one  laid  out  and 
equipped  in  strict  accordance  with  the 
best  engineering  practice. 

Fig.  1  shows  a  photograph  of  a  school- 
room  in   Newark,   N.  J.,  flighted  with 
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Fig.  4. 


Figs.  3  and  4, 


-Plans  showing  Proper  Locations  of  Outlets  where  Holophane  lotensive 
Reflectors  are  used. 


which  is  not  directly  reflected  passes 
through  and  is  redirected  by  the  light 
ceiHng  and  walls. 

Another  Holophane  lighting  system 
consists  of  using  six  light-units  in  the 
standard  si^e  schoolroom,  these  units 
being  arranged  as  shown  in  Fig,  4,  With 
60-watt  bowl-frosted  tungsten  lamps  and 
satin  finished  intensive  reflectors,  with  the 
light-units  9  ft,  3  in.  above  the  floor, 
and  the  coiling  and  walls  light  in  colour, 
the  illumination  on  the  desks  was  found 
to  bo  ap/>roxijnatoly  2'()  foot-caridlos. 
With  nin(i  4()-w{itt  tungst(^n  lamps  and 
satin-finishod  int<!nsivo  rofloctors  under 
similar  conditions  of  (ioiling  and  walls 
and  with  tin;  lights  8  ft.  G  in.  above  the 
floor,  apj)roxiinatoly  2*5  foot-candles  was 
the  illumination  on  the  desks. 


carbon  filament  lamps  and  flat  porcelain 
reflectors.  Five  fixtures  were  used,  each 
containing  four  16  c.-p,  lamps.  The 
total  wattage  was  1,120,  Fig,  2  shows 
a  photograph  of  a  similar  roora  vtj.  tVio 
same  school  I'lighted  with  lOO-watt^^bowl- 
frosted  tun^|sten  lamps  and  Holophane 
enamelled  rofloctors.  The  total  wattage 
was  500.  Both  those  photographs  were 
taken  by  the  light  of  the  light-units  alone. 
In  the  room  shown  in  Fig.  1,  the  bare 
lamp  filaments,  jjlaced  less  than  7  ft. 
above  the  floor,  wore  in  the  direct  range 
of  vision,  and  worked  great  injury  to  the 
eyes  of  the  puj)ils.  So  satisfactory  was 
the  Hol()])hano-timgston  lighting  system 
found,  that  the  same  general  scheme  was 
adopted  and  is  carried  out  throughout 
the  schools  in  Newark. 


SCIENTIFIC  SCHOOL  LIGHTING. 


Fig.  2, — A  room  in  the  same  school  with  Holophane  Installation. 
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The  Viscosity  of  Illuminating  Oil. 


By  Dr.  Ubbelhode. 
(Abstracted  from  The  Petroleum  Review. 


OuB  readers  may  recall  that  in  the  first 
volume  of  The  Illuminating  Engineer 
(p.  244),  we  referred  to  some  researches 
by  M.  Guiselin  dealing  with  the  effect  of 
the  level  of  oil  in  the  reservoir  of  a  lamp 
upon  the  illuminating  value  obtained. 
It  was  pointed  out  that  consumers  could 
benefit  by  frequently  replenishing  their 
lamps  so  as  to  keep  the  level  high  ;  this 
improved  value  of  the  light  obtained  was, 
it  seemed  reasonable  to  suppose,  to  be 
ascribed  to  the  fact  that  the  oil  had  to 
travel  a  shorter  distance  up  the  wick 
and  the  capillary  action  of  the  latter 
was  therefore  assisted. 

In  this  connexion  some  recent  remarks 
by  Dr.  L.  Ubbelhode,  which  are  taken 
from  The  Petroleum  Review  may  be  of 
interest. 

The  essential  condition  of  a  kerosene 
lamp,  he  says,  is  to  give  a  light  of  a 
constant  illuminating  power,  which  can- 
not be  obtained  without  the  flame  being 
fed  with  a  sufficient  quantity  of  oil,  the 
latter  regularly  and  constantly  ascending 
in  the  wick.  The  wick  represents  a  large 
number  of  capillary  tubes  of  irregular 
shape  and  size  through  which  the  oil 
ascends  in  the  wick.  The  movement  of 
the  oil  through  the  wick  to  the  burner  in 
which  it  is  consumed  is  thus  of  a  capillary 
nature,  and  is  regulated  by  those  forces 
which  regulate  all  capillary  movements 
of  liquids,  namely,  by  the  surface  tension 
and  by  the  viscosity  of  the  oil  itself. 

The  surface  tension  of  the  illuminating 
oil  is  the  force  which  is  sending  it  up  the 
wick,  while  the  viscosity  is  a  force  pro- 
ducing resistance  to  the  ascending  move- 
ment of  the  oil.  This  antagonism  of  the 
two  forces  lias  been  established  first  by 
Engler  and  Lisenko  independently  one  of 
anotlier,  and  later  developed  by  Stepanoff, 
who  in  his  work  entitled  '  The  Theory  of 


the  Oil  Lamp '  has  established  the  following 

formula  :  ,  m  being  the  quantity 

z 

of  oil  ascended  in  the  wick  a  the  surface 
tension  or  capillarity  and  z  the  viscositj^ 
The  quantity  of  kerosene  ascending  the 
wick  is  thus  in  direct  relation  to  the 
square  of  the  capillarity  and  in  inverse 
relation  to  the  viscosity  of  the  oil.  As 
the  capillarity  of  various  lamp  oils  is 
practically  the  same,  it  is  evident  that 
the  force  of  ascendency  of  a  lamp  oil  in 
the  wick  depends  entirely  on  the  viscosity 
of  the  oil,  and  it  must  be  of  the  utmost 
importance  to  have  proper  ways  of  com- 
paring the  viscosities  of  the  various  oils. 
The  several  viscometers  do  not  show  any 
remarkable  differences  in  the  viscosities 
of  lamp  oils  and  a  new  viscometer  specially 
for  determining  these  latter  has  been 
constructed  on  Engler's  principle  and  has 
proved  very  useful  in  the  study  of  lamp 
oils.  The  following  table  shows  the  vis- 
cosities of  some  lamp  oils  determined  at 
20 C.  by  means  of  the  new  apparatus, 
the  viscosity  of  water  at  20^  C.  being 
taken  at  unit. 

Specific  gravity.      Viscosity  at  20°  C. 

Benzine     ...  0-7136  ...  6  692 

Kerosene  A.  0'8051  ...  1-109 

B.  0-8053  ...  1-311 

German     ...  0-8129  ...  1-324  i 

,,     CI....  0-79G0  ...  1-436  ) 

Nobel        ...  0-8201  ...  1-517  ( 

,,     O.   ...  0-8064  ...  1-586 

E.    ...  0-7963  ...  1-603 

„     F.   ...  0-8136  ...  1-801 

As  can  be  seen  from  the  above  table 
the  specific  gravity  does  not  allow  to 
draw  any  conclusions  as  to  the  viscosity 
of  an  oil,  and  that  the  quantity  of  a  lamj^ 
oil  ascending  to  a  certain  lieiglit  in  the 
wick  is  quite  independent  of  its  specific 
gravity. 


Acetylene  Lights  for  Air  Ships. 

A  NEW  opening  for  acetylene  ligliting  has  lights,  of  a  powerful  cliaracter.    In  addi- 

beon  commented  ui)on  in  a  recent  number  tion  the  source  must  be  as  j^ortable  and 

of  Acetylene.  self-contained  as  possible,  and  should  bo 

The  airship,  it  is  pointed  out,  is  rapidly  light  and  compact.    It  is  suggested  tliat 

approaching  a  ])ractical  stage  and  will  acetylene  lighting  is  specially  adapted  to 

presumably  require  some  typo  of  liead  meet  these  requirements. 
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Some  Physiological  Aspects  of  Illumination. 


The  May  number  of  The  Transactions 
of  the  Illuminating  Engineering  Society  in 
the  United  States  contains  several  papers 
dealing  with  Physiological  Aspects  of 
Illumination,  in  which  some  questions 
of  considerable  interest  are  discussed. 
That  by  Prof.  S.  W.  Ashe,  for  instance, 
deals  mainly  with  the  alteration  of  the 
pupil-aperture  of  the  eye  when  exposed 
to  sources  of  various  intensities.  In 
bright  sunlight,  for  example,  the  diameter 
of  the  aperture  was  found  to  be  3  "60 
millimeters  ;  in  subdued  daylight,  on  the 
other  hand,  it  was  slightly  over  6  milli- 
meters. The  author  also  publishes  a 
curve  illustrating  the  variation  in  the 
diameter  of  the  pupil-aperture  of  the 
eye  at  different  parts  of  the  spectrum, 
and  at  various  illuminations.  The  maxi- 
mum diameter  appears  to  occur  in  the 
yellow-green  portion  of  the  spectrum, 
where  the  luminosity  is  generally  be- 
lieved to  be  the  greatest.  This,  there- 
fore, goes  some  distance  towards  sug- 
gesting that  the  opening  of  the  pupil- 
iaperture  is  controlled  mainly  by  the 
i)ntensity,  and  only  to  a  less  degree  by  the 
c^olour  of  the  light  to  which  it  is  subjected. 

The  author,  however,  has  also  com- 
pared the  opening  and  shutting  of  the 
jpupil- aperture  for  light  of  different  colours. 
Briefly  he  finds  that,  for  a  given  intensity 
of  illumination,  the  iris-diaphragm  closes 
less  rapidly  in  the  case  of  red  light 
than  when  white  light  is  used.  The 
author  also  mentions  that  for  the  same 
luminosity  he  can  read  print  at  a  greater 
distance  when  illuminated  by  light  from 
the  blue  end  of  the  spectrum  than  when 
illuminated  by  red  ;  however,  he  also 
remarks  that,  irrespective  of  the  intensity 
of  the  light,  there  seems  to  be  a  certain 
maximum  reading  distance  further  than 
which  one  could  not  read  no  matter  how 
strongly  the  print  was  illuminated. 

One  of  the  most  interesting  contri- 
butions in  the  discussion  of  this  paper  was 
that  of  Mr.  P.  S.  Millar, who  drew  attention 
to  the  fact,  not  alluded  to  in  Mr.  Ashe's 
papers,  that  it  was  not  certain  how  far  the 
inverse  square  law  could  be  relied  upon 
in  the  comparison  of  heterochromatic 
sources  of  light.  Probably  a  distinctly 
different  result  could  be  obtained  by 
using  a  flicker  photometer,  from  that 
which  would  be  obtained  by  using  one 
of  the  ordinary   variety.    Indeed,  Mr. 


Millar  stated,  "  We  know  that,  under 
some  extreme  conditions,  two  different 
kinds  of  flicker  photometers  do  not  give 
the  same  results  with  different  observers." 
Mr.  Ashe,  too,  mentions  in  his  reply,  that 
the  correct  setting  of  the  Rood  flicker 
photometer  was  found  to  be  not  always 
identical  with  that  obtained  by  the  aid 
of  a  judgment  based  on  the  equality  of 
brightness  pattern. 

Another  paper  of  some  interest  is  that 
by  Dr.  W.  L.  Pyle.  The  author  deals 
with  the  subject  mainly  from  the  stand- 
point of  the  oculist,  explaining  the 
different  defects  which  occur  in  the 
eye  lens,  and  which  are  popularly  classi- 
fied under  the  headings  of  long  sight, 
short  sight,  and  astigmatism.  An  impor- 
tant point  insisted  upon  is  that  the  visual 
apparatus  must  not  be  regarded  as  a 
separate  organization,  but  as  part  of  the 
general  system  of  the  human  body.  Any- 
thing which  interfered  with  general 
bodily  comfort  was  apt  to  be  bad  for  the 
eyes.  Some  details  of  the  method  of 
testing  effects  of  vision  are  also  given. 

The  discussion  initially  turned  on  the 
effect  of  receiving  the  images  of  bright 
sources  of  light  on  the  retina.  Dr.  Pyle 
stated  that,  under  normal  conditions, 
the  eye  can  recuperate,  but  exceptional 
cases  of  long  continued  irritation,  such  as 
frequent  exposure  to  the  sun,  might  lead 
to  permanent  central  scotoma,  probably 
due  to  some  chemical  and  physical 
change  in  the  retinal  elements  in  the  eye. 

The  President,  Mr.  W.  H.  Gartley, 
refers  to  the  question  of  indirect  lighting, 
remarking  that  theoretically  it  might  be 
considered  desirable  that  all  parts  of  the 
room  should  be  lighted  uniformly  ;  yet 
the  effect  of  complete  uniformity  is  foimd 
to  be  imsatisfactory.  It  seems  that  the 
lack  of  contrast  does  not  offer  the  eye 
sufficient  opportunity  for  occasional 
adjustment,  and  does  not  satisfy  its  desire 
for  occasional  change.  Dr.  Pyle  agrees 
that  a  room  lighted  in  an  absolutely 
uniform  manner  did  produce  a  psychic 
impression  of  there  not  being  sufficient 
light.  The  absence  of  the  ordinary  data 
as  regards  perspective  and  shadow  is  apt 
to  oppress  those  in  the  room. 

Mr.  Gartley  also  refers  to  the  effect  of 
illumination  on  visual  acuity,  and  suggests 
that  it  might  be  useful  if  oculists,  in  test- 
ing pr.tients  for  visual  effects,  were  to 


62 


THE  ILLUMINATING  ENGINEER. 


record  some  details  regarding  the  mtensity 
of  illumination.  Dr.  Pyle  remarks  that 
it  is  a  common  experience  of  oculists 
that  different  eyes  respond  m  a  very 
different  manner  to  varymg  illumination 
—that  is  to  say,  a  certain  increase  m  the 
light  available  might  lead  to  a  greater 


improvement  in  vision  in  one  case  than  in 
another.  It  is,  however  rather  outside 
the  work  of  the  ordinary  busy  oculist,  and 
a  rule  ought  to  be  done  m  physical 
laboratories  where  appropriate  apparatus 
and  observers  with  patience,  time,  ana 
as  training  are  available. 


The  Helion  Lamp. 

Announcement  of  the  Parker  Clark  Electric  Co. 


The    Parker    Clark    Electric  Company 

annoimces  the  retirement  of  Mr.  W.^. 
Clark  from  his  connection  with  the 
Company  and  the  election  of  Dr.  George 
N.  Millar  to  the  offices  of  President  and 
director.  In  order  to  be  in  close  touch 
with  their  laboratories,  the  offices  ot  the 
Company  have  been  moved  from  the 
Singer  Building  to  the  Lmcoln  Square 
Building,  1966,  Broadway. 

The  Company  also  state  that  the  Hehon 
Incandescent  Lamp  is  now  rearing  per- 
fection, and  it  is  contemplated  that  tne 


lamp  will  be  offered  to  the  pubhc  next 
spring.     A  special   feature   is   said  to 
be  the  Helion    Naval  lamp,  which  is 
specially    contrived    for     use    in  the 
Navy  and   to  withstand  the  shock  ot 
firing  large  guns  on  board  of  men-ot- 
war.     In  addition    to    the    fact  that 
the  filament  itself    is    claimed    to  be 
exceptionally  durable  for  its  efficiency, 
the  Company  state  that  it  will  burn  in 
the  open  air  without  apparent  deteriora- 
tion, m  the  event  of  the  glass  ^bulb 
being  broken. 


An  Electrically 

Illuminated 
Christmas  Tree. 

An     ilkistration  accompanying 
this  note  shows  the  appUcation 
of  small  m(!taMic  filament  lamps 
to   the    lighting    of  Christmas 
trees.    In  view  of  the  syinbolic 
origin  of  the  use  of  candles  in 
this  way,   it    is    interesting  to 
notice  this    substitution  of  the 
n(!wer    illuminant.  Miniatur(^ 
gl()vvIaiii])H     in    various  designs 
and  colours  are  su])j)liod  in  com- 
pleto  8et8,   the  small  filaments 
being  wired   in   stjries,  and  the 
wliolc  circuit  j)lugg»^(l  on  to  th(^ 
mairiH.      For    instance,    on  100- 
volt     0    cundlcH    in    s(!ries  are 
WHUiilly  ciLployjid,   and  on  250- 
volt  circuits    23    candlcH.  For 
ih(^   UH(?  of  this    illustration  wo 
an^  in(lcl)t<'(l  to  tin-  l':icctri(-al  and 
IOn^in<'«Ting   Supplies  Co.,  JAd., 
'M\,  and  37,  Upix  r  'J'hamey  Street, 
London,  K.C. 
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TRADE  NOTES. 

[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


The  "Twin-light"  Burner. 


The  two  accompanying  illustrations  refer 
to  an  interesting  development  in  gas- 
lighting  which  was  exhibited  at  the  recent 
lecture  on  '  Modern  Methods  of  Illumin- 
ation '  by  Mr.  L.  Gaster  at  the  London 
Institution.  The  arrangement  in  ques- 
tion consists  essentially  of  two  mantles, 
one  upright  and  one  inverted,  which  are 
mounted  one  above  the  other  and  fed 
by  the  same  burner.    We  have  received 


some  particulars  of  this  device  from  the 
manufacturers    (Twinlight  Burners,  Ltd., 

Wool  Exchange,  Coleman  Street,  London, 
E.G.),  to  whom  we  are  also  indebted  for 
the  illustrations  accompanying  this  note. 

It  is  stated  that  only  a  slightly  higher 
expenditure  of  gas  than  would  be  required 
for  a  single  mantle  serves  to  render  both 
mantles  fully  luminous,  the  consumption 
on  the  usual  two  inches  pressure  being 


only  about  5|  cubic  feet  ;  yet  only  about 
one-fifth  of  the  gas  supplied  is  fed  direct 
into  the  upper  mantle,  which,  however, 
receives  the  products  of  combustion 
from  the  lower  one.  The  arrangement 
is  said  to  possess  the  main  advantages 
of  both  types  of  mantles  as  regards 
distribution  of  light.  Thus  the  inverted 
mantle  is  claimed  to  enable  a  strong 
downward  intensity  of  illumination  to  be 


secured,  while  the  upright  is  effectual  in 
sending  out  light  to  illuminate  the  more 
remote  regions  of  the  roadway  or  pave- 
ment in  a  street.  It  is,  indeed,  antici- 
pated that  the  combination  of  both 
mantles  in  a  single  lantern  will  be  very 
effectual  in  certain  cases,  e.g.,  street 
corners,  &c.,  in  which  it  is  desired  to 
improve  the  existing  illumination  without 
having  resource  to  increased  pressure. 


The  Chloride    Electrical    Storage  Co., 

Ltd.  (Clifton  Junction,  Manchester),  send 
us  a  descriptive  pamphlet  of  the  "  Entz 
Booster. 


Messrs.     Verity's,      Ltd.      (31,  King 

Street,  Covent  Garden,  London,  W.C.), 

send  particulars  of  the  "  Aston  inter- 
pole  motors. 
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The  Kaleidoscopic  Electric  Sign. 

The  accompanying  illustration  represents  A  single  sign  is  stated  to  be  capable  of 

a  new  type  of  sign,  brought  out  by  automatically     producing     over  1,000 

Messrs.  Rashleigh,    Phipps   &   Co.    (147,  different  designs,  and  it  is  also  claimed 

Oxford  Street,  London,  W.).    The  essen-  that  the  sign,  being  self-contained  and 

tial  characteristic  of  the  sign  is  that  the  requiring  no  motor,  has  a  distinct  advan- 


illuminated  coloured  surfaces  are  seen 
constantly  changing,  in  the  same  manner 
as  the  well-known  kaleidoscopic  patterns 
formed  by  shaking  bits  of  coloured  glass. 


tage  over  other  types  of  flashing  device  in 
which  some  motor-arrangement  is  neces- 
sary. 


Spookie 

We  have  received  from  Messrs.  Simplex 
Conduits,  Ltd.  (113-117,  Charing  Cross 
Road,  W.C.)  some  particulars  regarding 
"Spookie"  shades,  some  types  of  which 
are  shown  in  Figs.  1 ,  2,  3,  and  4. 

These  are  examples  of  a  variety  of  shade 
which  is  mainly  used  to  screen  lights  of 
undesirable  brilliancy,  and  to  serve  a 
decorative  purpose.  Illuminated  by  the 
light  within,  they  give  a  touch  of  warmth 
to  a  room  which  it  is  sometimes  desirable 
to  secure  by  the  use  of  a  few  illuminated 
tasteful  coloured  objects. 

The  shades  are  available  in  a  wide  range 
of  colour,  and  th(;y  are  stat(id  to  last  well 
and  "  to  give  all  the  decorative  effect 


Shades. 

of  stained  glass — but  with  an  added 
richness  and  softness,  and  without  the 
cold,  hard  lines  that  mar  the  beauty  of  a 
stained-glass  shade." 


Fig.  ].— Typo  of  Decorative  "Spookie 
Lamp  Shade,  for  small  lamps. 


TRADE  NOTES. 
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YiG.  3.— Ornamental  Lantern. 


Fig.  2. 


Fig.  4. 


•Type  of  Decorative  "Spookie' 
Lamp  Shade. 


Robertson  Electric 
Lamps,  Ltd. 

Athletic  and   other  Events. 

Some  time  ago  we  received  particulars 
bf  the  fourth  annual  sports  of  the  above 
company.  On  this  occasion,  we  note, 
the  entries  numbered  over  400,  and  the 
list  of  events  included  a  Marathon  Race 
from  Pinner  to  the  ground  at  Shepherd's 
Bush  ;  Mr.  C.  Wilson,  Mr.  C.  J.  Robertson, 
and  Mr.  E.  G.  Shej)pard  then  officiated 
[as  judges,  and  the  prizes  were  presented 
■  by  Mr.  C.  Wilson. 

We  are  now  informed  that  as  the  result 
of  the  eleventh  annual  tournament  of  the 
London  Private  Fire  Brigades  Association, 
which  was  concluded  on  the  27th  inst., 
at  the  headquarters  of  the  London  Rifle 
Brigade,  Bunhill  Row,  E.G.,  the  Robert- 
son Electric  Lamps,  Ltd.,  Fire  Brigade 
was  successful  in  winning  both  the 
"  Nestle  "  and  "  Marshall  "  Challenge 
Cups,  and  the  "  Dewar "  Challenge 
Shield,  the  winning  times  constituting  a 
record  in  any  drills  of  this  class. 

Finally,  we  note  that  on  Saturday, 
December  11th,  the  second  annual 
concert  and  distribution  of  trophies  and 
medals  took  place,  by  kind  permission 
of  the  directors,  at  the  Brook  Green 
works  of  the  Robertson  Company. 


Concrete 
Lamp  Posts. 

The  type  of 
lamp  post 
shown  in  the 
accompanyin  g 
illustration  is 
being  used  in 
many  of  the 
residential  dis- 
tricts of  Wash- 
ington, U.S.A., 
its  peculiarity 
being  that  it  is 
made  of  con- 
crete. The 
columns  are 
fluted  and  have 
an  Ionic 
capital.  They 
are  placed  100 
ft.  apart  on 
alternating 
sides  of  the 
street.  Globes 
of  frosted  dif- 
using  glass, 
clear  glass,  and 
so  -  called 
*' rotten"  glass 
are  being  ex- 
peri  mented 
with. — Popular 
Mechanics. 
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Another  Inverted  Fitting. 

We  have  several  times  called  attention 
in  these  columns  to  the  tendency  to 
make  more  use  of  inverted  systems  of 
illumination  now  that  powerful  steady 
sources  of  light  are  available  in  the  metallic 
filament  high  candle-power  lamps.  The 


the  light  is  directed.  In  this  way  the 
glare,  which  is  often  a  consequence  of 
exposure  of  the  eye  to  naked  metallic 
filament  lamps,  is  avoided. 

An  example  of  this  method  is  shown  in 
the  accompanying  figure  representing  the 
"  Stationer  "   type   of  fitting  supplied 


ceiling  may  be  utilised  as  the  reflecting 
medium,  but  this  is  often  undesirable 
either  owing  to  its  dark  tint,  or  the 
liability  of  dust  to  accumulate,  or  for 
other  reasons.  In  such  cases,  however, 
we  may  utilise  what  is  equivalent  to  an 
artificial  ceiling  by  providing  the  lamp 
with  a  matt  reflecting  surface  on  which 


by  the  General  Electric  Co.,  Ltd.  (71,  Queen 
Victoria  Street,  E.G.).  Here  an  opal  glass 
reflector  above,  and  a  shade  of  similar 
material  below,  are  utilised  to  mask  the 
light,  either  four  50  candle-power  or 
one  100  candle-power  Osram  lamps  being 
usually  employed. 


Holophane  Glassware. 

In  the  last  number  of  this  Journal 
reference  was  made  to  a  new  catalogue 
of  the  Holophane  Glass.  Messrs.  Sie- 
mens Bros.,  Ltd.  (Tyssen  Street,  Dalston, 
London,  N.E.)  now  draw  our  attention 
to  their  newly  published  list  of  Holophane 
glassware,  which  is  supplied  in  con- 
junction with  suitable  clusters  of  tantalum 
lamps.  We  are  informed  that  special 
supplies  of  this  catalogue  will  be  fur- 
nished to  any  bona-fide  electrical  dealer 
or  contractor  on  receipt  of  an  aj)plication 
in  response  to  this  notice,  accomj)anied 
by  a  trade  card. 


Messrs.  Siemens  Bros.,  Ltd.,  also  send  us 
particulars  of  the  J^^conomjc  Electric 
Stove,  having  a  storxswaro  body  and 
(;xparj(i(!d  metal  toj),  costing  1  9,v.  Od.  each. 
I'olislujd  alurniniurri  cornbin(!(l  radiators 
and  Htov(!S  arc  als(;  available  at  a  j)ri(;<',  of 
IHfr.  (UL  complete.  Sun|,li(!(l  for  voltage 
from  100  to  250. 


Other  Items. 

We  have  also  to  acknowledge  the 
receipt  of  particulars  of  : — 

The  Metallum  colloid-tungsten  incan- 
descent lamps  manufactured  in  accord-  ' 
ance  with  patents  developed  by  Dr. 
Kuzel,  of  Vienna,  supplied  by  the  Brush 
Electrical  Engineering  Co.,  Ltd.  (106, 
Belvedere  Road,  London,  S.E.). 

"  Metalik  "  Metal  Filament  Lamps 
(Messrs.  Boddy  &  Co.,  15,  Grays  Inn 
Koad,  Holborn,  London).  These  lamps 
are  now  stated  to  be  manufactured  as 
follows  : — 

16  candle-power,  10  to  130  volts,  at 
2s.  dd.  each. 

25  candle-power,  200  to  260  volts,  at 
45.  each. 

The  "  Attracta  "  electric  signs,  and 
the  "  Chamberlain  "  Anti- Vibrator,  for 
use  with  nu^tal  filaments  (The  "Attracta" 
Electrical  Co.,  75,  Fetter  Lane,  London, 
E.C.). 

The  Electrical  Co.  (121,  Charing  Cross 
Road,  London,  W.C.),  motor  starters 
and  electric  lighting  accessories. 


THE  ILLUMINATING  ENGINEER. 


67 


CORRESPONDENCE. 


The  Lummer-Bro 

Dear  Sir,— Mr.  A.  P.  Trotter  {Illu- 
minating Engineer,  vol.  ii.  p.  151)  has 
kindly  described  the  Lummer-Brodhun 
Photometer  as  "an  ingenious  system 
of  prisms."  But  his  added  remark 
that  the  prismatic  arrangement  con- 
structed by  Prof.  Brodhun  and  myself 
in  1889  {Zeitschr.  /.  Inst.,  1889,  p.  41), 
had  already  been  used  by  Prof.  Weber 
in  1888  requires  qualification.  Imme- 
diately after  our  publication  Messrs. 
Franz,  Schmidt,  and  Haensch,  who 
now  make  our  photometer,  built  the 
prismatic  arrangement  into  the  Weber 
instrument,  and  they  were  able  to  do 
so  because  we,  as  officials  at  the  Reichs- 
anstalt,  were  not  at  liberty  to  patent  it. 

With  regard  to  Mr.  Trotter's  humorous 
remark  that  "  The  telescope  or  micro- 
scope is  considered  to  be  an  indis- 
pensible  adjunct  to  any  scientific  instru- 
ment in  Germany,"  and  his  additional 
comment  that  "  To  claim  that  in  its 
most  elaborate  form  it  yields  over 
three  times  the  accuracy  of  a  Bunsen 
photometer  for  lights  of  the  same 
colour  does  not  mean  that  it  is  three 


Ihun  Photometer. 

times  as  good  as  a  Bunsen,"  &c.' 
I  should  only  like  to  ask  this  question* 
Has  Mr.  Trotter  really  worked  with 
our  instrument ;  and  did  the  Lummer- 
Brodhun  photometer  used  by  him, 
of  which  "  the  construction  is  so 
complicated  ;  there  are  so  many  sur- 
faces to  keep  clean,  and  such  exact 
adjustment  of  the  parts  is  necessary," 
&c.,  bear  the  words  "  Made  in  Ger- 
many "  ?  The  photometers  constructed 
by  Messrs.  Franz,  Schmidt,  and 
Haensch  (see  Zeitschr.  f.  Inst.,  '  Die 
photom.  Apparate  der  Reichsanstalt 
fiir  den  technischen  Gebrauch,'  Feb., 
1892),  are  protected  against  the  effects 
of  dirt.  They  are  available  either  in 
the  "  equality  of  brightness  "  or  "  con- 
trast "  form,  and,  in  spite  of  Mr. 
Trotter's  objection  to  the  "  eye-piece," 
have  found  wide  application  both  in 
this  and  other  countries. 

Believe  me,  &c., 

Prof.  0.  Lummer, 

Director  d.  Physik.  Inst.  d.  Universitat 
Breslau. 


Sir, — In  reply  to  Prof.  Lummer,  I 
have  not  "  really  worked "  with  a 
Lummer-Brodhum  photometer,  if  this 
means  carrying  out  any  appreciable 
quantity  of  real  work  with  it,  but  in  pre- 
paring my  articles  I  have  visited  many 
laboratories  and  lamp  factories  for  the 
purpose  of  examining  their  photo- 
metrical  equipment,  and  have  always 
enquired  about  this  photometer,  and 
have  frequently  tried  it.  I  have  some- 
times made  a  set  of  ten  or  fifteen 
observations  for  the  purpose  of  ascer- 
taining the  mean  deviation  from  the 
mean,  and  if  I  have  not  found  that  the 
precision  to  be  obtained  materially 
exceeded  that  of  other  instruments.  I 
am  fully  aware  that  such  casual  tests 
are  not  of  much  importance.  With 


photometers,  more  than  perhaps  any 
other  instruments  for  physical  measure- 
ments, it  is  necessary  to  become  well 
accustomed  to  a  particular  pattern 
before  good  work  can  be  done  mth  it. 
I  have  not  really  worked  with  the 
Lummer-Brodhun  instrument  for  three 
reasons.  (1)  I  seldom  have  need  to 
carry  out  ordinary  tests  of  candle- 
power,  most  of  my  work  having  been 
in  the  direction  of  measurement  of 
illumination  and  of  research  on  the 
reflecting  power  of  matt  surfaces,  and 
the  dispersion  of  light  by  translucent 
substances  ;  for  this,  special  apparatus 
has  been  used.  (2)  I  never  begin 
work  until  about  9  p.m.  and  have  to 
stop  between  11  and  11.30  because  I 
become  too  tired.    I  am  quite  sure  thi^J- 
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the  use  of  a  Lummer-Brodhun  photo- 
meter would  reduce  the  quantity  of 
work  that  I  could  do  by  more  than 
one-half,  on  account  of  fatigue,  and  the 
gain  in  precision  would  not,  for  my 
purposes,  be  appreciable.  (3)  The 
instrument  is  expensive,  and,  I  repeat, 
difficult  to  keep  clean  and  in  adjust- 
ment. 

I  have  based  my  criticisms  of  it  on 
the  combined  testimony  of  many 
persons.  I  find  that  if  anything  more 
than  the  mere  dusting  of  the  surfaces  is 
needed,  it  is  probably  necessary  to 
send  the  instrument  back  to  Germany. 
I  have  not  noticed  the  name  of  the 
makers.  I  did  not  know  that  there 
was  more  than  one,  or  that  differences 
were  not  due  to  improvements.  I  have 
now  examined  the  interior  of  two 
instruments  made  by  Messrs.  Franz 


Schmidt  &  Haensch,  and  find  that 
silvered  mirrors  are  used  instead  of  the 
pair  of  totally  reflecting  prisms  shown 
in  my  illustration.  If  the  faces  of  the 
prisms  in  optical  contact  be  left  out  of 
account,  there  are  only  seven  surfaces 
to  be  kept  clean  instead  of  eleven  as  I 
supposed.  But  after  all,  a  little  want  of 
symmetry  does  not  matter  if  the  com- 
pensation or  double  weighing  method 
can  be  used.  My  descriptions  of  photo- 
meters have  been  brief  and  intended 
for  engineers  rather  than  for  physicists. 
I  have  implied,  and  I  now  state  dis- 
tinctly, that  I  believe  there  is  no  kind 
of  photometer  capable  of  higher  pre- 
cision of  measurement  than  that  of 
Lummer-Brodhun.       I  am,  &c., 

A.  P.  Trotter. 

London,  Dec.  17,  1909. 


A  Central  Technical  Library  and  the  Organized  Collection 
of  References  to  Technical  Literature. 


In  a  recent  number  we  drew  attention 
to  the  list  of  works  connected  with 
illumination  published  by  the  New 
York  Library.  We  may  also  mention 
the  work  of  the  "  Internationale  Institut 
fiir  Techno-Bibliographie  "  in  Germany 
which  has  for  its  object  the  systematic 
arrangement  and  collection  of  papers 
on  technical  matters,  patent  literature, 
&c.,  in  different  countries.  In  addition, 
it  is  now  proposed  to  form  a  Central 
Technical  Library  where  all  such 
material  may  be  available.  It  is 
pointed  out  that  although  a  number  of 


libraries  devoted  to  scientific  and  tech- 
nical literature  exist  in  Berlin  and 
elsewhere  they  are  usually  connected 
with  scientific  technical  colleges  and 
institutions,  and  not  always  readily 
accessible  to  the  general  public. 

In  addition  it  is  naturally  to  be 
expected  that  any  single  library  of  this 
kind  should  be  more  or  less  restricted 
to  certain  branches  of  technical  work, 
while  a  central  institution  of  the  kind 
suggested  could  be  made  much  more 
representative. 


The  Disaster 

It  is  with  deep  regret  that  we  notice  the 
terrible  accident  which  occurred  at 
the  Hamburg  Gasworks  last  month. 
The  contents  of  a  huge  gasliolder,  which, 
we  understand,  was  one  of  the  largest 
of  its  kind  in  the  world,  somehow 
became  ignited.  As  a  result  a  number 
of  people,  at  present  estimatc^d  at 
n(!ar^y  50,  were  killed  or  seriously 
injui/od,  and  a  large  amount  of  valuable 
orKTty  was  destroyed.    It  does  not 


at  Hamburg. 

fall  within  our  province  to  consider 
the  conditions  responsible  for  this 
accident,  and  it  would  perhaps  be 
premature  as  yet  to  do  so.  But  we 
feel  bound  to  take  this  opportunity 
of  expressing  our  deep  concern  at  the 
calamity  which  the  city  of  Hamburg 
has  experienced,  and  our  sincere  sym- 
pathy  witli  the  relatives  of  those  who 
have  suffered. 
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Review  of  the  Technical  Press. 


ILLUMINATION. 

Several  editorials  in  the  gas  and  electric 
journals,  in  addition  to  those  mentioned 
in  the  last  review,  discuss  ^^in  favourable 
terms  the  inaugural  meeting  of  the  Illu- 
minating Engineering  Society  in  this 
country  on  Nov.  18th,  1909,  and  the 
Presidential  Address  delivered  on  this 
occasion. 

A  number  of  general  articles  on  illu- 
mination have  recently  appeared  in  the 
United  States  ;  special  attention  may  be 
directed  to  several  in  the  December 
number  of  The  Illuminating  Engineer 
of  New  York,  including  that  on  Specifi- 
cation Forms  for  Illuminating  Engin- 
eering AND  Wiring  Symbols.  This 
article  shows  how  the  lighting  of  many 
premises  can  be  schemed  out  and  ex- 
pressed in  terms  of  a  tabular  specifica- 
tion with  appropriate  symbols.  R.  E. 
Scott,  in  the  same  journal,  deals  with  the 
Electric  Lighting  of  Automobiles. 

Among  other  articles  of  a  varied  nature 
we  may  mention  that  of  J.  Sumec,  who 
discusses  the  polar  curve  of  light  dis- 
tribution of  the  Excello  arc-lamp,  with 
and  without  the  dioptric  globe.  He  finds 
that  in  the  former  case  a  post  as  in- 
conveniently high  as  23  metres  would  be 
desirable  in  order  to  get  the  best  possible 
distribution  of  light  ;  but  when  the  diop- 
tric globe  is  used,  a  post  of  about  11 
metres  will  answer. 

PHOTOMETRY. 

Several  articles  deal  with  the  Flicker 
Photometer,  and  its  physiological  basis. 
Among  these  may  be  mentioned  the  con- 
tributions of  H.  Morris  Airey  and  S.  W. 
Ashe,  and  the  discussion  of  a  recent  paper 
by  J.  S.  Dow.  All  these  articles  refer  to 
the  theory  of  the  rods  and  cones  as  a 
possible  explanation  of  the  action  of  the 
photometer.  H.  Morris  Airey  seeks  to 
explain  a  possible  inconsistency  in  the 
action  of  flicker  and  ordinary  photo- 
meters, by  supposing  a  different  rate  of 
dying  away  of  the  three  primary  colour 
sensations. 

B.  Monasch  and  F.  Laporte  discuss  the 
present  imit  of  the  intensity  of  illumina- 
tion, and  point  out  the  possibility  of 
different  interpretations  of  the  meaning 
of  the  word  "  Lux."  Monasch  gives  an 
amended  table  connecting  units  employed 
in  different  coimtries. 

A  lecture  by  J.  Abady  deals  with  the 
Laws  underlying  Photometry.  The 
lecturer  points  out  the  limitation  of  these 


laws  and  comments  upon  the  desirability 
of  avoiding  empirical  measurements. 
Finally  he  describes  a  form  of  compact 
photometer  in  which  the  illumination 
of  the  photometer  screen  is  adjusted  by 
varying  the  extent  of  an  illuminated  area, 
instead  of  moving  the  source  of  light. 

ELECTRIC  LIGHTING, 

Among  articles  of  a  general  character 
we  may  note  that  by  Siegel  {A. E.G. 
Zeitschr.,  Dec),  who  deals  with  Elec- 
tricity FOR  Church  Lighting.  Among 
the  illustrations  shown  one  observes  a 
number  of  instances  in  which  arc-lamps 
have  been  introduced  into  church  in- 
teriors, a  somewhat  striking  illustration 
of  the  modern  added  to  the  ancient. 

G.  Wilkinson  and  R.  MacCourt,  in  a 
recent  paper,  deal  with  electric  lamps 
and  their  effect  on  the  lighting  industry, 
special  particulars  being  given  of  the 
methods  adopted  in  Harrogate  to  avoid 
the  danger  of  immediate  reduction  of 
revenue  owing  to  the  introduction  of 
metallic  filament  lamps. 

Among  other  articles  touching  electric 
lighting  by  glow-lamps  we  may  note  the 
description,  in  a  recent  number  of  The 
Electrical  World,  of  Large  Roof  Signs  in 
New  York,  the  account  of  some  tests  on 
metallic  filament  lamps  in  The  Electrical 
Engineer  (Dec.  3),  and.  the  article  by 
Henry,  which  is  reproduced  in  several 
French  periodicals. 

Several  contributions  have  appeared 
dealing  with  arc -lamps.  Chief  among 
these  is  a  very  complete  article  by 
P.  Heyck  in  the  Elektrotechnische  Zeit- 
schrift,  in  which  recent  progress  in  the 
Flame  Arc-Lamps  of  Messrs.  Korting 
and  Mathiesen  is  summarized,  A  number 
of  polar  curves  of  light-distribution  of  these 
lamps,  both  for  direct  and  alternating 
current,  and  with  various  types  of  globes, 
are  given.  W.  S.  Weedon  {Elec.  Rev., 
N.Y.,  Nov.  27)  deals  somewhat  fully 
with  the  Titanium  Carbide  Lamp.  He 
gives  particulars  of  the  rate  of  biu'ning 
away  of  the  electrodes,  the  characteristic 
curves  of  the  arc,  and  the  conditions  con- 
trolling its  steadiness,  &c.,  and  also  a 
rather  interesting  polar  cm've,  according 
to  which  the  maximum  intensity  would 
seem  to  lie  in  a  horizontal  direction. 

An  interesting  note  in  the  Journal  fiXr 
Oasheleuchtung  deals  with  the  work  of  the 
"  Gliihlampen  -  Einkauf svereinigung  des 
Verbandes  Schweizerischer  Elektrotech- 
niker,-'  a  body  which  supervises  the  sale 
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of  glow-lamps  on  a  large  scale  in  Switzer- 
land. The  tests  undertaken  are  said  to 
have  proved  very  beneficial,  and  it  is 
again  stated  that  reliance  can  only  be 
placed  on  "  long-life  tests.  Short  life- 
tests,  on  the  basis  of  overrunning  by  a 
given  percentage  of  pressure,  yield  dis- 
cordant results. 

The  Electrical  World  has  also  a  short 
note  on  the  use  of  the  Vacuum  Tube 
Lighting  in  Silk  Mills.  It  is  said  that 
the  value  of  this  source  for  matching 
colours  has  enabled  many  mills  to  carry 
on  their  work  after  dark  by  artificial 
light,  whereas  they  would  formerly  have 
been  compelled  to  stop  the  matching 
processes  as  soon  as  daylight  failed. 

GAS,   OIL,  ACETYLENE,  LIGHTING,  &c. 

Several  editorials  in  the  English  gas 
journals  again  deal  with  Legislation 
ON  Gas  Testing  and  the  "  Test  Burner 
Bill.'^ 

McBeth  in  a  recent  paper  before  the 
American  Gas  Institute  dwells  on  the 
desirability  of  A  Standard  Specifica- 
tion FOR  Incandescent  Mantles  ;  this 
is  commented  on  in  The  Illuminating 
Engineer  (New  York). 

A  number  of  articles  and  papers  in  the 
American  journals  have  dwelt  upon  the 
value  of  Illuminating  Engineering 
FROM  THE  Gas  Standpoint.  Thus  Thomp- 
son {Prog.  Age,  Nov.  15,  Am.  Gaslight 
Jour.,  Dec.  20)  insists  on  this  point,  and 
gives  data  for  the  lighting  of  various 
classes  of  shops,  &c.  The  figures  he 
quotes  for  the  intensity  of  illumination 
desirable  are  probably  higher  than  those 
prevailing  in  many  shops  in  this  country 


running  up  to  10  candle -feet  for  display 
windows. 

M.  Scholz  (J ./.(?.,  Dec.  25)  summarizes 
recent  improvements  with  the  Gratzin 
light.  He  dwells  upon  the  value  of  the 
Inverted  Mantle,  both  for  interior  and 
for  street  lighting.  For  the  latter  pur- 
pose, he  points  out,  the  mantle  may  be 
placed  at  a  lower  height  than  would  be 
necessary  in  the  case  of  flame  arc-lamps, 
to  secure  the  most  favourable  light- 
distribution  between  two  successive  lamps. 
A  previous  article  by  Witt  in  the  same 
journal  describes  Raising  and  Lowering 
Arrangements  for  street  gas  lamps, 
and  the  method  of  suspending  high- 
pressure  gas  lamps  on  wires  crossing 
the  street ;  to  this  reference  is  also  made 
by  Scholz. 

Other  articles  deal  with  recent  systems 
of  automatic  control  of  gaslamps  ;  among 
these  we  may  mention  the  continuation 
of  the  article  on  Chemical  Igniting 
Devices  in  the  Zeitschrift  fiXr  Beleuch- 
tungswesen.  A  recent  number  of  the 
Journal  of  Gaslighting  also  refers  to  what 
seems  an  interesting  development  in 
mantles.  This  consists  of  forming  a 
quartz  core  on  which  the  incandescing 
material  is  deposited  ;  it  is  claimed  that 
the  resulting  mantle  is  very  durable. 
Lux  {Z.f.B.,  Nov.  30)  describes  some 
researches  on  the  Best  Proportions  of 
Cerium  in  the  mantle.  This  is  generally 
believed  to  be  about  0*8  per  cent,  but  a 
new  process,  with  the  object  of  reducing 
the  amount  of  cerium  necessary,  has  been 
brought  out.  Lux,  however,  confirms 
the  old  result.  Mantles  containing  0*1 
per  cent  and  0*8  per  cent  of  cerium 
possess  luminous  efficiencies  of  0'142  and 
0'501  per  cent  respectively. 


List  of  Meferences  :— 

ILLUMINATION. 

Editorials.    Illuminating  Engineering  in  England  (Elec.  World,  N.  Y.,  Dec.  16). 

Tlie  Illuminating  Enginc^t-ing  Society  (Gas  Engineers'  Magazine,  Dec.  15). 

Illumination  Measurements  {Gas  Engineers'  Magazine,  Nov.  15). 

Engineering  and  ^Esthetics  ;  Iteady-made  Illuminating  Engineering ;  Illuminating 
Engineering  as  a  College  Course  [Illuminating  Engineer,  N.Y.,  Dec). 
Ilutchins,  C.  C.    A  New  Method  of  Measuring  Liglit  Efficiency  {Am.  Journ.  Sci.,  Dec). 
Litle,  T.  J.    Residence  Lighting  {Elec.  World,  N.Y,,  Dec.  2). 
Macbeth,  N.     I.anii)s  for  UcHldence  Lighting  {Elec.  Rev.,  N.Y.,  Nov.  20). 
Marks,  L.  \i.    Factoi-y  Lighting  (Discussion,  Elec.  Rev.  N.Y.,  Nov.  20). 
Owens.  11.  T.    Hirvct  Lighting  in  Newark,  N.J.  {Eire  lirv.,  N.Y.,  Nov.  20). 
Scott,  11.  E.    Str<!et  Ligiiting  at  Norfolk  {Illuniimili h;/  Evginccr,  N.Y.,  Dec). 

I<:h'ctric  Lighting  of  AutoiMol)ih's  {I Uuiuinating  Engineer,  N.Y.,  Dec). 
Hanec,  J.    Konstruktion  dcr  liodenheleuchtungskurven  aus  der  Lichtstiirkekurve  {Eleh.  u, 
Masrh,  Dee.  5). 

V(.gel,  O.   Die  Feuei  fcKt.-n  Stoffe  und  die  llei/ungs-  und  Beleuchtungstechnik  {Z.  f.  B.,  Dec.  10). 
Illuiuinating  Agents  (./.  (}.  L.,  Nov.  .'^0). 
HouM-  Notes  from  Abroad  {Am.  Gaslighl  Jour.,  Nov.  16). 
Htrc-etlighting  at  Ilansworth  {Gas  Engineers'  Magazine,  Nov.  15). 
Lc'lUendement  des  Sources  Luminous  {Rev.  des  Eclairages,  Nov.  15). 
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i  Fortschritte  imBeleuchtungs-  uud  Liiftungswesen  des  Bergwcrkbetrieben  {Z.  f.B.r 

Dec.  10). 

Specification  Forms  for  Illuminating  Engineering  {Illuminating  Engineer,  N.Y.r 
Dec). 

Industrial  Lighting  {Illuminating  Engineer,  N.Y.,  Dec). 
Church  Lighting  {Illuminating  Engineer,  N.Y.,  Dec). 

The  Lamp  as  a  Motif  in  Fixture  Design  {Illuminating  Engineer,  N.Y.,  Dec). 
Spectacular  Lighting  {Elec.  World,  N.Y.,  Dec.  9). 

PHOTOMETRY. 

Abady,  J.    Light  and  Some  Reflections  (J.  G.  L.,  Dec.  14),  {G.  W.,  Dec.  18). 
Airey,  H.  Morris.    The  Flicker  Photometer  {Electrician,  Dec.  17). 
Ashe,  S.  W.    The  Flicker  Photometer  {Elec.  World,  N.Y.,  Nov.  25). 
Barrows,  W.  E.    Methods  of  Comparing  Sources  of  Light  {Elec.  Rev.,  N.Y.,  Dec.  11). 
Dow,  J.  S.    The  Flicker  Photometer  and  the  Eye  (Discussion,  J.  G.  L.,  Nov.  30  ;  Electricianr 
Nov.  26). 

Editorials.    Mr.  Abady  on  Photometry  {G.  W.,  Dec  18  ;  J.  G.  L.,  Dec.  21). 

The  Lux  as  a  Unit  of  Illumination  {Elec.  World,  N.Y.,  Dec.  16). 
Jones,  B.    Some  Errors  in  Testing  Sources  of  Light  {Elec.  World,  N.Y.,  Nov.  25). 
Laporte,  F.    The  Lux  as  a  Unit  of  Illumination  {Elec.  World,  N.Y.,  Dec.  16). 
Monasch,  B.    Ueber  die  Einheit  der  Beleuchtungsstarke  ( J. /.  (?.,  Dec.  11 ). 

Report  of  the  Committee  of  the  Am.  Gas  Institute  on  Unit  of  Light  {Prog,  Age, 
Dec.  15  ;  Am.  Gaslight  Journal,  Dec.  13). 

ELECTRIC  LIGHTING. 

Behrens,  P.    Die  Wirkung  des  Elektrischen  Lichtes  bei  dem  Schaufenster-wettbewerb  in  Berlin 

{A.  E.  G.  Zeitschr.,  Nov. ). 
Editorials.    A  Tungsten  Lamp  for  a  Street  Arc  {Elec.  Rev.,  N.Y.,  Nov.  26). 

The  Present  Aspect  of  Electric  Lighting  {Elec.  Rev.,  Nov.  26). 
Henry    La  Lampe  a  Filament  Metallique  {Rev.  des  Eclairages,  Dec.  15  ;  Le  Moniteur  de  Vlu' 

dustrie  du  Gaz,  &c.,  Nov.  30 ;  Electricien,  Nov.  20). 
Heyck,  P.    Ueber  neuere  Flammenbogenlampen,  &c.  {E.  T?iZ.,  Nov.  4,  11). 
Marchand.   Transformateurs  et  Interrupteurs  automatiques  ipour  Lampes  ^  Filament  metallique 
{Electricien,  Dec.  4). 

Marston,  G.    Gas  and  Electric  Competition  in  London  {Elec.  World,  N.Y.,  Dec  16). 
Perls,  P.  BE.    Das  neue  Diazed-Sicherungssystem  und  seine  Entstehung.    {Elek,  u.  Masch^ 
Dec  12). 

Siegel,  G.   Electricity  in  .Churches       E.  G.  Zeitschrift,  Dec). 
Weedon,  W.  S.   The  Titanium  Arc  {Elec.  Rev.,  N.Y.,  Nov.  27). 

Wilkinson,  G.,  and  McCourt,  R.   Metallic  Filament  Lamps  {Elec.  Engineer,  Dec.  17). 

Arc  Illumination  for  Iron  Working  Shops  {Elec.  Rev.,  N.'iT.,  Dec.  18). 
Lampe  a  Arc  {Le  Moniteur  de  V Industrie  du  Gaz,  &c.,  Oct.  31). 

Die  Gliihlampen-Einkaufsvereinigung  des  Verbandes  Schweizerischer  Elektrotechnlker 

(/.  /.  G.,  Nov.  27). 
Some  Points  in  Kelation  to  Arc  Lamps  {Elec.  Rev.,  Dec.  17). 
A  Lamp  Removing  Apparatus  {Elec.  World,  N.Y.,  Nov.  18). 
Shock  Absorber  for  Tungsten  Lamps  {Elec.  World,  N.i^.,  Dec.  2). 
The  Vacuum  Tube  in  Silk  Mills  {Elec.  World,  N.Y.,  Dec.  9). 
The  A.B.C.  Flaming  Arc  {U Electricien,  Nov.  13). 
Thousand  Candle-Power  Tungsten  Lamps  {Elec.  Engineer,  Dec.  3). 
Metallic  Filament  Lamps  (Elec.  World,  N.Y.,  Dec.  9). 
Large  Roof  Signs  in  New  York  {Elec.  World,  N.Y.,  Dec.  16). 

GAS,   OIL,  AND  ACETYLENE  LIGHTING,  &c. 

Day,  W.  L.   Decorative  Gas  Illumination  {Prog.  Age,  Dec.  1). 
Editorials.   The  New  Test-Burner  Bill  {G.  W.,  Nov.  27). 
Gas  Legislation  for  1910  (^G.  W.,  Dec  4). 

The  Standardisation  of  Gas  Mantles  {Ilium.  Eng.,  N.Y.,  Dec). 

The  Competition  of  High  Pressure  Gas  {Elec.  Riv.,  N.Y.,  Dec.  4). 
Scholz,  M.   Neuheiten  auf  dem  Gebiete  der  Invertbeleuchtung  (./.  /.  G.,  Dec  25). 
Scott,  V.  L.   Display  Lighting  with  Gas  {Am.  Gaslight  Jour.,,  Nov.  15). 
Thompson,  R.  J.   Effective  Gaslighting  {Prog.  Age,  Nov.  \^,'  Am.  Gaslight  Jour.,  Dec.  20). 
Witt,  D.   Spannvorrichtungen  und  Gelenkkandelaber  fiir  Niederdruck-  und  Pressgas-Invertlampea 
{J.  f.  G.,  Dec.  18). 

Furniture  Lights  {Am.  Gaslight  Jour.,  Dec.  6). 

Gasziindvorrichtungen  (5),  Chemisch  wirkende  Ziinder  {Z.  f.  B.,  Nov.  30). 

Churchlighting,  by  inverted  gas  burners  {G.  W.,  Nov.  20). 

The  "Dacolight"  Regenerative  Lamps  (/.  G.  L.,  Dec.  7,  G.  W.,  Dec  18). 

The  "Dacolight"  Controller  {G.  W.,  Dec  11). 

Automatic  Lighting  of  Public  Lamps  (/.  G.  L.,  Dec.  14). 

Incandescence  Mantles      G.  L.,  Dec.  14). 

Supports  for  Gas  Lamps  {Am.  Gaslight  Jour.,  Nov.  22). 

Untersucbung  iiber  den  Einfluss  des  Cergehaltes  bei  Gliihkorpern  {Z.  /.  B.^  Koy.  30, 

Dec  10). 

Acetylene  in  S.  Africa  {Acetylene  Jour.,  Dec). 
Acetylene  Lighting  for  Pleasure  {Acetylene  Jour.,  Dec). 
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The  Automaton  Lamp  Controller  {G.  W.,  Nov.  20). 

A  propos  d'Incandescence  {Rev.  cles  Edairages,  Nov.  30). 

L'Eclairage  des  Fermes  et  Chateaux  {Jour,  de  r  Union  des  Proprietaires  d'Appareils  d 
Acetylene,  Oct.). 

CONTRACTIONS  USED. 
E.  T.  Z.—Elektrotechnische  Zeitschrift. 
G.  W.—Gas  World. 

Ilium.  Eng.,  N.Y. — Illuminating  Engineer  of  New  York. 
J.  Gr.  L. — Journal  of  Gaslighttng. 

J.  f.  G. — Journal  fiir  Gasheleuchtung  und  Wasserversorgung. 

Prog.  Age. — Progressive  Age. 

Phys.  Uev.-^Physical  Revieiv. 

Z.  f.  B. — Zeitschri/t  fur  Beleuchtungswesen. 


An  Important  Patent  on  Metallic  Filament  Glow-Lamps 

Declared  Void. 


A  German  correspondent  informs  us 
that  one  of  the  most  important  and 
interesting  German  patents,  relating  to 
the  support  of  metallic  filaments  in  glow- 
lamps,  has  recently  been  declared  void 
by  the  German  Patent  Office. 

The  patent  in  question  is  specified  in 
the  application  D.  16836  (filed  March  14th, 

1906,  by  the  Deutsche  Gasgliihlicht  A.G., 
opened  to  public  inspection  Aug.  19th, 

1907,  declared  void  Nov.  15th,  1909), 
which  claims  : — 


Electric  glow-lamps  having  metallic 
filaments  provided  with  supports,  not 
forming  part  of  the  electrical  circuit, 
and  characterized  by  the  property  that 
the  sensitive  ribs  of  which  they  consist 
are  bent,  to  an  extent  visible  to  the 
naked   eye,    when   subjected   to  the 
slightest  strain  ;   these  supports  being 
intended  to  guard  against  the  sagging 
or  tearing  away  of  the  filament. 
The  German  application  is  stated  to  be 
identical  with  the  British  Patent  No. 
6803  of  1906. 


Some  Publications  Received  during  the  past  Month.* 

Among  the  publications  received  during  the  past  month  we  have  to  acknowledge 
with  thanks  the  following  : — 

The  Distribution  of  Gas.  By  Walter  Hole.  Second  Edition.  (Messrs.  John 
Allen  &  Co.,  The  Gas  World  Offices,  8,  Bouverie  Street,  London,  E.G.) 


Transactions  of  the  Institution  of  Gas  Engineers  for  1909. 


Proceedings  at  the  Twelfth  Annual  Meeting  of  the  International  Acetylene  Associa- 
tion {U.S.A.). 


Bulletin  of  the  Bureau  of  Standards.    (October,  1909. ) 


Atti  delta  Associazone  Elettrotecnica  Italiana.    (July — August,  1909.) 


Arkiv  for  Matematik,  Astronomi  och  Fysik.    (Upsala  and  Stockholm. ) 


Bulletin  de  la  Societe  Imperiale  des  Naturalistes  de  Moscou.  (Russia). 

Street  Lighting.  By  E.  N.  Wrightington.  (Paper  presented  at  the  Fifth  Annual 
Meeting  of  the  National  Commercial  Gas  Association,  Dec,  1909.) 

*  To  some  of  these  publications  we  hope  to  refer  in  greater  detail  shortly. 


ALFRED  BARNES, 
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Minerals  and  Mineral  Properties. 

P.O.  Box  556. 
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EDITORIAL. 


Glare,  its  Causes  and  Effects. 

The  meeting  of  the  Illuminating  En- 
gineering Society  on  January  11th,  at 
which  this  subject  was  brought 
forward,  gave  rise  to  a  most  interesting 
discussion,  and  the  thanks  of  the 
Society  are  due  to  Dr.  J.  Herbert 
Parsons  for  the  carefully  thought  out 
address  by  which  he  opened  the  pro- 
ceedings. 

Owing  to  the  wideness  of  the  sub- 
ject it  was  found  desirable  to  restrict 
the  first  evening's  discussion  mainly 
to  the  physiological  and  theoretical 
aspects,  and  to  deal  at  the  next  meet- 
ing, to  be  held  on  February  15th, 
with  the  more  familiar  applications 
of  these  principles.  This  decision  has 
also  the  advantage  that  it  affords 
members  an  opportunity  of  examining 
the  contributions  of  foreign  authorities 
before  the  resumption  of  the  discus- 
sion. We  hope  that  full  use  will  be 
made  of  this  opportunity  and  that  all 
those  who  cannot  arrange  to  be  present 


m 


will  communicate  their  views 
writing,  preferably  before  the  next 
meeting,  and  in  any  case  before 
February  20.  The  discussion  of  this 
subject  will  probably  be  concluded  on 
this  occasion,  but  those  interested  will 
have  a  further  opportunity  of  par- 
ticipating in  the  discussion  in  our 
columns  after  this  date,  if  they  so 
desire. 

A  special  acknowledgment  is  due  to 
our  corresponding  members  who  have 
come  forward  and  made  such  a  valuable 
contribution  to  the  discussion  on  this 
occasion ;  we  think  that  readers  will 
regard  their  efforts  as  an  excellent 
illustration  of  the  international  im- 
portance of  the  work  the  society  hopes 
to  perform. 

It  is  clear  that  physiologists  in 
general  recognise  several  distinct 
objectionable  qualities  of  illuminants 
which  are  apt  to  be  confused  together 
as  "glare."  It  is  very  desirable  to 
discriminate  between  these  different 
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effects  since,  as  has"  often  been  seen, 
confusion  in  this  respect  is  apt  to 
engender  partisan  controversy  on  the 
subject  of  different  forms  of  illuminants, 
and  the  putting  forth  of  claims  which, 
in  the  present  state  of  knowledge, 
it  is  difficult  either  to  confirm  or 
refute. 

We  notice  that  several  authorities 
point  out  the  tendency  to  confuse  the 
evil  effects  of  excessive  brilliancy  with 
those  connected  with  colour  and  wave- 
length. This  the  unlearned  habitually 
do  and  it  is  often  difficult  to  analyse 
even  approximately  what  the  "  man  in 
the  street"  means  by  describing  a 
system  of  lighting  as  glaring.  Occa- 
sionally we  hear  the  expression  a 
nasty  white  glaring  light,"  in  which  an 
objection  to  a  white  quality  of  light  is 
confused  with  its  intrinsic  brilliancy. 
Among  authorities,  on  the  other  hand, 
we  sometimes  find  glare  attributed 
mainly  to  the  effects  of  ultra-violet 
rays,  as  distinct  from  visible  light,  but 
this,  as  Dr.  Parsons  points  out,  should 
be  considered  separately  from  the 
effect  of  excessive  brightness. 

On  the  whole,  however,  we  find  that 
experts  seem  to  favour  a  definition  of 
glare  based  on  brightness  and  not 
colour.  Yet  even  this  by  no 
means  settles  the  scope  for  difference 
of  opinion.  We  find  for  example  that 
while  most  writers  lay  stress  on 
intrinsic  brilliancy  pure  and  simple  as 
the  main  factor  to  be  considered.  Prof. 
L.  Weber  considered  tha,t  contrast  and 
the  difference  in  brightness  between  a 
source  and  its  surroundings,  is  at  least 
equally  important.  This  view  is  again 
contested  by  Dr.  Stockhausen,  whose 
very  careful  and  exhaustive  study 
deserves  special  mention.  Dr.  Stock- 
hausen, while  recognizing  that  such 
severe  contrast  is  a  source  of  eye- 
fatigue,  prefers  to  attribute  this  effect 
to  raj)id  changes  in  retinal  and  pupil- 
lary adaptation  which  he  apparently 
classes  as  quite  distinct  from  the  true 
"  glare  "  effect,  namely  the  exhaustion 
of  the  visual  material  in  the  retina  by 
an  excessively  bright  image. 


Dr.  Louis  Bell,  who  takes  a  some- 
what intermediate  view,  is  inclined  to 
agree  with  Prof.  Weber  that  contrast 
between  an  illuminant  and  its  sur- 
roundings is  the  most  important  point 
to  be  considered,  and  Dr.  E.  P.  Hyde 
describes  an  experiment  which  leads 
him  to  suppose  that  the  area  of  a 
luminous  source  is  also  an  item  to  be 
borne  in  mind. 

When  we  come  to  the  questions  as 
to  how  far  the  size  of  a  luminous 
surface,  its  distance  away,  and 
other  factors,  as  apart  from  intrinsic 
brilliancy,  influence  impression  of 
glare,  we  find  general  agreement  that 
further,  study  is  needed,  and,  while 
several  possible  but  quite  different 
methods  of  measuring  glare  are  sug- 
gested, notably  those  of  Dr.  Voege, 
Dr.  Stockhausen,  and  Dr.  Kriiss,  we 
find  that  here,  too,  it  is  recognised 
that  before  any  definite  recommenda- 
tion can  be  made  much  further  study 
is  needed  ;  at  present,  however,  several 
authorities  agree  that  the  study  of  the 
diameter  of  the  pupil-aperture  is  a 
very  uncertain  test. 

In  the  space  at  our  disposal  we  can 
only  briefly  refer  to  a  few  of  these 
interesting  points.  Our  readers  must 
study  these  communications  for  them- 
selves. We  think,  however,  that  it 
will  be  recognised  by  the  Society  that 
this  important  matter  cannot  be 
decided  in  a  few  open  discussions, 
however  valuable  such  meetings  may 
be  as  a  means  of  enlisting  support  and 
drawing  attention  to  the  subject. 

It  may  therefore  be  found  desirable 
to  appoint  an  international  committee 
to  deal  with  the  matter. 

Whatever  view  we  take  as  to  the 
nature  of  glare,  we  find  general  agree- 
ment that  the  most  recent  brilliant 
illuminants  are  often  unwisely  used, 
and  that  some  steps  should  be  taken 
to  ascertain  how  far  it  is  possible  to 
devise  practical  recommendations  to 
check  this  evil — and  this  will  form  a 
valuable  piece  of  work  to  be  performed 
by  the  Society. 
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The  Importance  of  the  Physio- 
log^ical  Standpoint. 

The  above  remarks  lead  us  to 
comment  briefly  on  one  aspect  of  the 
matter  which  is  not  always  fully 
appreciated,  namely  the  need  for  ex- 
plicit information  regarding  the  physio- 
logical processes  which  go  on  in  the 
eye,  and  their  bearing  on  problems  of 
illumination.  For  example,  we  some- 
times hear  a  person  expressing  his  views 
on  this  matter  exhibit  impatience 
with  what  he  terms  the  "jargon" 
of  the  anatomist  and  the  physiologist. 
We  cannot  help  thinking  that  this 
impression,  that  experts  in  a  certain 
line  mystify  a  plain  subject  by 
"jargon,"  is  almost  always  an  indica- 
tion of  a  somewhat  narrow  view.  It  is 
usually  those  who  know  least  of  a 
subject  who  are  inclined  to  suppose 
that  it  is  unnecessary  to  know  more, 
and  who  insist  upon  the  value  of  the 
"  prosaic,"  or,  as  it  is  sometimes  mis- 
termed,  commonsense  view.  What 
appears  to  the  outsider  to  be  "jargon  " 
may  be  in  reality  scientific  termm- 
ology,  distinguishing  and  defining  a 
number  of  different  factors  which  the 
non-scientific  man  inaccurately  "  lumps 
together,"  under  the  head  of  glare. 

Such  information  on  the  subject  of 
glare  as  we  have  been  able  to  collect 
in  this  number,  only  shows,  as  we 
have  pointed  out  above,  that  there 
exist  wide  differences  of  opinion  on 
really  essential  points  in  connection 
with  the  matter. 

It  is  quite  natural  that,  in  the 
present  state  of  things,  there  should 
be  gaps  in  the  physiologist's  know- 
ledge. They  are  the  natural  result  of 
the  fact  that  the  eye  has  not  been  very 
fully  studied  from  the  standpoint  of 
the  effects  of  illumination  upon  it,  but 
chiefly  with  a  view  to  discovering 
structural  deformities.  Now,  however, 
that  these  new  aspects  are  being 
brought  home  to  the  expert  who  is 
really  in  a  position  to  deal  with  them 
we  may  expect  to  see  the  desired  in- 
formation gradually  acquired.  In  this 
connexion  we  may  anticipate  the  ex- 


perience of  the  oculist  and  ophthalmic 
surgeon  may  be  very  helpful  in  con- 
firming suggestions  of  a  theoretical 
nature  regarding  the  effect  of  light  on 
eyesight. 

It  cannot  too  often  be  insisted  that 
all  impressions  of  illumination  and 
lighting  are  received  through  the  eye 
and  that  it  is  therefore  to  the  stndy  of 
the  eye  that  we  must  go  for  the  fullest 
information  as  to  how  our  systems  of 
illumination  should  be  contrived.  If 
an  investigation  into  such  questions  is 
to  be  of  value  at  all  it  must  be  thorough. 
We  must  get  right  down  to  the  root 
of  things,  sift  the  many  inconsistent 
views  by  which  we  are  at  present 
bewildered,  and  ascertain  what  differ- 
ences in  terminology  are  responsible  for 
misunderstanding.  If  we  do  not  do 
this,  and  if  our  recommendations  are 
based  on  nothing  better  than  a  hast}^ 
generalisation  on  imperfect  knowledge, 
we  cannot  expect  them  to  carry  the 
necessary  weight.  The  desired  results 
can  only  be  obtained,  we  repeat  once 
more,  by  concerted  action  between  all 
the  different  experts  concerned  and  the 
physiologist  is,  in  this  case,  in  a 
position  to  render  specially  valuable 
assistance. 

The  Risk  of  Fire  due  to  Careless 
iVIethods  of  Illuminating; 
Shop-Windows. 

During  the  past  month  public  atten- 
tion has  been  directed  to  several  more 
or  less  serious  fires  originating  in  show- 
windows  of  various  premises,  in  which 
electric  lights  had  been  assembled  to 
give  an  extra  display.  A  specially 
distressing  instance  was  that  which 
occurred  at  Messrs.  Arding  &  Hobbs's 
at  Clapham,  where  the  premises  were 
practically  destroyed  and  a  number  of 
people  unfortunately  either  lost  their 
lives  or  were  seriously  injured. 

As  usual  the  technical  press  has  been 
busy  commenting  on  the  s abject  and, 
in  some  instances,  has  fallen  into  the 
usual  rut  of  endeavouring  to  prove 
that  the  accident  furnished  an  illus- 


76 


THE  ILLUMINATING  ENGINEER. 


tration  of  the  invariable  risk  attaching 
to  electric  light,  and  the  safer  qualities 
of  gaslight  or  vice  versa.  Needless  to 
say  we  do  not  desire  to  follow  on  these 
familiar  lines.  Yet  we  think  that 
accidents  of  this  nature  should  lead  to 
one  obvious  but  not  always  sufficiently 
apj)reciated  conclusion,  namely,  that 
any  illuminant  becomes  a  source  of 
danger,  when  it  is  abused. 

Authorities  on  illumination  have 
for  some  years  been  pointing  out  the 
absurdity  and  uselessness  of  the  system 
of  placing  bright  sources  of  light  among 
the  goods  in  the  window  in  such  a  way 
as  to  dazzle  the  eyes  of  those  looking  in. 
Eecent  experience  has  only  served  to 
show  that  this  system,  besides  being 
most  objectionable  from  the  illumina- 
tion standpoint,  may  be  positively 
dangerous.  Electric  light,  on  account 
of  its  very  convenience  of  manipulation, 
is  specially  liable  to  abuse  in  this  way. 

It  is  hardly  necessaiy  to  add  that  in 
the  case  of  decorative  and  display 
lighting,  where  certain  efforts  towards 
effectiveness  are  sometimes  coupled 
with  some  concession  in  the  way  of 
risk,  every  care  should  be  taken  to 
make  sure  that  the  workmanship  and 
material  are  of  a  thoroughly  reliable 
character.  But  in  addition  we  think 
it  may  well  be  adopted  as  a  maxim  by 
shop-keepers  that  the  actual  sources 
should  be  kept  away  from  the  goods 
they  are  intended  to  illuminate,  and, 
if  possible,  out  of  the  direct  range  of 
vision  as  well.  By  so  doing  they  will 
at  least  approach  the  system  of  illumi- 
nation most  favourable  for  the  purpose 
of  displaying  the  goods,  and  they  will 
also  eliminate  what  is  now  recognized 
to  be  a  possible  source  of  danger. 

We  understand  that  there  is  some 
possibility  of  regulation  being  intro- 
duced by  the  London  County  Council 
affecting  the  objectionable  practice  of 
placing  sources  of  light  among  the 
goods.    If  we  may  make  a  suggestion 


we  should  like  to  see  also  inserted  in 
such  regulations  some  reference  to  the 
fully-justified  condemnation  of  such 
systems,  on  the  ground  of  their  effect 
on  eyesight.  The  City  have  already 
taken  action  demanding  the  screening 
of  glaring  powerful  lamps  hung  at  a 
low  level  outside  shops,  and  we  think 
that  something  on  similar  lines  might 
well  be  done  to  check  the  reckless  use 
of  bright  sources  in  windows.  Besides 
the  danger  of  sudden  conflagration 
there  is  also  the  slow  and,  therefore, 
not  so  readily  recognized  effect  of  such 
sources  on  eyesight  to  be  guarded 
against,  and  we  cannot  see  that  the 
practice  in  question  has  anything  to 
recommend  it  even  from  the  purely 
commercial  standpoint. 

Anniversary  Dinner  of  the 
Illuminating^  Eng^ineering^  Society 

On  p.  132  in  this  number  readers 
will  find  an  intimation  of  the  dinner 
which  has  been  arranged  to  take  place 
on  Feb.  10th,  just  a  year  since  the 
origination  of  the  Society  in  this 
country. 

Looking  back  we  have  every  reason 
to  congratulate  ourselves  on  the  pro- 
gress since  that  date,  but  we  now  need 
every  effort  on  the  part  of  members  to 
consolidate  still  further  the  position  of 
the  Society.  It  is  anticipated  that 
this  dinner,  besides  providing  members 
in  different  parts  of  the  country  with 
an  opportunity  of  meeting  and  know- 
ing one  another,  will  lead  others  to 
take  an  interest  in  its  doings  and  in- 
crease its  membership  and  influence. 

We  hope,  therefore,  that  members 
will  make  a  special  effort  to  be  present 
and  to  bring  with  them  friends  likely 
to  be  interested.  In  addition  we  need 
scarcely  add  that  any  of  our  friends  in 
foreign  lands  who  may  find  it  possible 
to  join  us  will  be  very  heartily 
welcome. 

Leon  Gaster. 


THE  ILLUMINATING  ENGINEER. 


77 


Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  (p.  79)  continue 
his  description  of  the  Everett  Edgcumbe 
form  of  Trotter  Illumination  Photo- 
meter. He  refers  to  the  value  of  a 
scale  of  incidence  angles,  and  makes 
some  comments  on  the  battery,  switch, 
and  contacts,  which,  owing  to  the  low- 
voltage  employed,  require  special  dare. 
In  conclusion  he  discusses  the  correct 
height  of  the  photometer  and  gives  two 
curves  illustrating  the  results  obtained 
with  the  instrument  at  heights  of  4  ft. 
and  I  ft.  from  the  ground. 

Dr.  W.  W.  Coblentz  commences  his 
paper  on  the  Distribution  of  Energy 
IN  THE  Spectrum  of  Illuminants 
(p.  83).  He  begins  by  explaining  what 
is  meant  by  the  theoretical  "  black 
body,"  and  also  the  "  gray  body."  The 
latter  conception,  he  suggests,  is  mis- 
leading, because  it  is  difficult  to  find 
any  material  the  radiation  of  which 
exceeds  the  radiation  of  a  black  body  in 
the  same  ratio  throughout  the  entire 
spectrum.  We  always  find  that  there 
is  some  degree  of  "  selective  "  action. 
The  author  also  presents  radiation- 
curves  of  various  insulating  and  metallic 
materials  which  illustrate  his  remarks 
on  the  theory  of  radiation  from  such 
substances. 

Mr.  P.  J.  Waldram  deals  with  the 
Measurement  of  Illumination  from 
THE  Standpoint  of  the  Architect 
(p.  89).  He  points  out  that  the  con- 
ditions of  daylight  and  artificial  illumin- 
ation in  interiors  have  a  marked  effect 
on  its  architectural  appearance,  and  how 
vague  and  unsatisfactory  are  the  present 
records  available.  For  instance  there 
is  much  misunderstanding  as  to  the 
influence  on  the  intensity  of  daylight 
illumination  of  different  qualities  of  sky. 
Finally,  the  author  advocates  much 
closer  study  of  these  matters  from  the 
standpoint  of  the  architect. 

Dr.  C.  P.  Steinmetz  (p.  93)  deals  with 
the  Physiological  Aspects  of  Radia- 


tion. He  points  out  the  possibility 
of  different  qualities,  both  of  visible 
and  invisible  radiation,  producing 
peculiar  effects,  but  lays  stress  on  the 
influence  on  the  retina  of  high  concen- 
tration of  energy  of  any  description. 
This  he  terms  a  "  power  blow,"  the 
effect  being  to  burn  the  retina  locally. 
A  different  effect  is  produced  by  the 
ultraviolet  rays,  but  these  again  must 
be  distinguished  from  one  another 
and  classified.  Those  of  smallest  wave- 
length are  most  harmful. 

Following  this  article  is  a  brief  account 
of  the  meeting  of  the  JUumtUating 

]£n(}ineennG  Society  on  January 

llth,  when  the  subject  of  "  Glare, 
its  Causes  and  Eifects  "  was  discussed 
(p.  97).  The  discussion  was  opened 
by  Dr.  J.  Herbert  Parsons,  F.R.C.S., 

whose  address  will  be  found  on  p.  99. 
Dr.  Parsons  points  out  that  the  sen- 
sation of  glare  must  be  studied  in  the 
light  of  the  physiological  processes 
which  go  on  in  the  retina  ;  therefore, 
one  of  the  most  important  factors  is 
retinal  adaptation.  Thus  a  person 
coming  out  of  a  dark  room,  with  a 
"  dark-adapted  "  retina  is  very  sensitive 
to  light.  Anything  affecting  the  sharp- 
ness and  clearness  of  the  retinal  image 
might  also  be  classed  as  glare  ;  the 
direct  reflection  from  the  printed  page 
might  be  so  termed.  Dr.  Parsons  also 
refers  to  the  ultra  violet  i&ys  ;  these, 
however,  exert  a  special  effect  which 
should,  strictly  speaking,  be  distin- 
guished from  ordinary  glare.  In  addi- 
tion, it  is  probable  that  glare,  properly 
defined,  is  a  function  of  luminosity 
rather  than  colour. 

In  the  subsequent  discussion  Dr. 
Edridge  Green  (p.  103)  refers  to  the 
important  part  played  by  personal 
peculiarities.  For  example,  his  own 
eye  is  exceptionally  sensitive  to  ultra- 
violet light.  Some  eyes  possess  different 
powers  of  adaptation  from  others,  and 
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what  one  person  might  consider  glare 
another  would  not  find  objectionable. 
This  might  be  ascribed  to  a  difference 
in  the  retinal  pigment.  Dr.  F.  Gans 
refers  mainly  to  Snowblindness,  which 
has  been  ascribed  by  many  to  the  effect 
of  the  ultra-violet  rays.  Yet  it  is 
difficult  to  distinguish  w^hat  is  due  to 
this  cause  and  what  to  the  visible 
Dr.  Ettles  refers  mainly  to  the  effect  of 
reflected  light  within  the  cornea  in 
affecting  the  clearness  of  the  retinal 
image  ;  in  this  way  excess  of  light 
would  be  harmful.  Dr.  J.  Kerr  points 
out  that  a  number  of  varieties  of 
"  glare  "  exist.  For  example,  the  glare 
due  to  excessive  intrinsic  brillianc^  is  to 
be  distinguished  from  that  caused  by 
light  entering  the  eye  from  the  wrong 
direction,  as  is  apt  to  happen  in  con- 
sequence of  badly  placed  prismatic 
window-glass.  Dr.  T.  M.  Legge  refers 
to  the  effect  of  ultra-violet  light  in 
causing  cataract,  and  to  the  need  for 
keeping  wdthin  limits  the  brilliancy  of 
illuminated  signs. 

Following  this  discussion  will  be 
found  the  communicated  remarks  of 
Mr.  P.  J.  Waldram  and  Dr.  W.  Bayliss. 
The  former  comments  on  the  difference 
in  the  conditions  prevailing  by  artifi- 
cial and  daylight  illumination.  In  the 
latter  case  the  eye  seems  to  be  able  to 
bear  a  much  stronger  degree  of  illumin- 
ation without  flinching.  Dr.  Bayliss 
agrees  as  to  the  necessity  for  screening 
bright  sources  of  light  placed  within  the 
range  of  vision  and  also  defines  glare  as 
mainly  a  matter  of  intrinsic  brilliancy. 

A  variety  of  Communications  from 
Corresponding  Members  of  the 
Society  follow.  These  are  naturally 
too  extensive  to  be  dealt  with  at  all 
adequately  in  abstract.  Dr.  Stock- 
hausen  contributes  a  very  exhaustive 
analysis  cf  glare  from  the  physiological 
standpoint  (p.  109).  He  terms  an 
illuminant  glaring  when  its  image  is  so 
intense  that  the  "  upper  limit  of 
adaptation  "  of  the  eye  is  exceeded,  and 
the  visual  material  is  used  up  quicker 
than  it  can  recuperate.  He  also  dis- 
ciisses  t}i(;  other  factors  besides  in- 
trinsic brilliancy  which  affect  the 
problem,  gives  a  complete  table  con- 
taining the  figures  for  the  intrinsic 
brilliancy  cf  a  large  number  of  sources 


of  light,  and  proposes  a  method  of 
studying  glare  based  on  "  after-images." 

Dr.  Corsepius  replies  briefly  to  the 
series  of  queries  on  glare  and  gives  an 
instance  of  the  system  of  illumination 
adopted  in  the  Engineering  Schools  of 
Cologne  to  avoid  it. 

Dr.  L.  Bell  considers  that  contrast 
between  an  illuminant-  and  its 
surroundings  is  the  most  potent  factor 
in  producing  glare.  He  also  refers  to 
the  injurious  effects  of  excessive  glare 
on  traffic.  Dr.  E.  P.  Hyde  describes 
8.n  experiment  illustrating  the  effect 
on  the  eye  of  altering  the  size  of  the 
bright  surface  examined. 

Dr.  H.  Seabrook  and  Dr.  E.  0. 
Sisson  enter  into  the  physiological 
processes  taking  place  in  the  retina 
and  the  effect  of  ultra-violet  rays,  &c. 

Prof.  L.  Weber  dwells  chiefly  on  the 
effect  of  excessive  contrast  and  gives 
a  table  of  intrinsic  brilliancy  in 
primary  and  secondary  units.  Dr.  L. 
Bloch  makes  a  number  of  suggestions 
regarding  the  effect  of  bright  lights  in 
practice  and  the  possible  methods  of 
avoiding  glare  in  interiors  and  street- 
lighting.  Prof.  R.  Ulbricht  gives  some 
figures  for  the  maximum  permissible 
brilliancy  and  points  out  that  this 
depends  on  the  purpose  to  which  a 
room  is  put.  M.  Lauriol  thinks  that 
theoretically  the  permissible  glare  is 
zero,  but  in  practice  we  must  com- 
promise. Prof.  S.  Rumi  terms  glare 
mainly  the  result  of  excessive  intrinsic 
brilliancy,  and  gives  some  practical 
rules  for  its  avoidance.  Prof.  Strache 
and  Mr.  Prengei?  allude  to  the  effect 
of  excessively  bright  lamps  hung  low 
down  outside  shops,  &c.  Dr.  H. 
Kriiss  and  Dr.  W.  Yoege  describe 
methods  of  testing  glare  based  on 
photometry  and  photography  respec- 
tively. 

At  the  end  of  this  journal  will  also 
be  found  some  Correspondence  by 
Dr.  L.  Bloch  and  Mr.  Codman  regard- 
ing methods  of  determining  M.  Sph.  CP. 
from  the  polar  curve  of  light-distribu- 
tion and  a  letter  from  Dr.  H.  Kriiss  on 
the  Lummer  Brodhun  Photometer. 

On  p.  135  will  be  found  the  Trade 
Notes  and  on  p.  141  the  Review  of  the 
Technical  Press. 
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[The  Editor,  while  not  soliciting  contributions,  is  willing  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the 
correspondence  columns  of '  The  Illuminating  Engineer.^ 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors.^ 

Illumination,  Its  Distribution  and  Measurement, 

By  a.  p.  Trotter j 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  jy-  1^,  Vol.  III.) 


Scale  of  Angles  of  Incidence,  and  Its 
Uses. — The  outside  view  of  the  instru- 
ment given  in  Fig.  106  shows  a 
graduated  quadrant,  and  at  the  centre 
from  which  this  is  struck,  a  httle  pin 
is  provided.  This  acts  as  a  style  or 
gnomon,  its  shadow  falhng  on  the 
quadrant  enables  the  angle  of  inci- 
dence of  the  light  of  any  lamp  to  be 
read.  In  addition  to  this  a  circular 
spirit  level  is  let  into  the  top,  flush 
with  the  case.  In  some  instruments 
I  have  added  a  scale  of  cosines,  for 
facilitating  candle  -  power  measure- 
ments. 

Reference  to  Table  L,  page  185, 
vol.  i.  ;  or  to  Fig.  13,  page  271  ;  or  to 
Fig.  43,  page  625,  vol.  i.,  will  show 
that  at  a  point  midway  between  two 
lamps  placed  at  a  distance  apart  equal 
to  six  times  their  height,  the  angle  of 
incidence  is  about  71  J,  and  the 
illumination  due  to  each  lamp  is  only 
about  0*03  of  the  maximum  (assuming 
uniform  candle-power  in  all  directions) . 
Practical  measurements  of  illumina- 
tion cannot  usefully  be  carried  further 
than  this.  At  these  large  angles  of 
incidence,  the  photometer  must  be 
carefully  levelled.  A  difference  of  10 
per  cent  in  the  illumination  of  the 
screen  is  made  by  a  difference  of 
one  degree  of  level  from  79  to  80,  or  by 
two  degress  from  69  to  71,  or  by  three 
degrees  from  60  to  63.  Besides  these 
theoretical  errors,  which  can  be  read 
off  direct  on  a  slide-rule,  there  is  prob- 
ably a  distinct  departure  from  the 
cosine  law  with  all  practicable  materials 


for  the  screen.  On  the  other  hand 
illuminations  below  0'05  foot-candle 
are  not  of  great  importance  in  them- 
selves, and  errors  in  their  measurement 
are  not  of  much  consequence. 

Measurement  of  Candle-Power. — Fol- 
lowing on  the  lines  laid  down  by  Sir 
W.  Preece  in  1883*  my  early  work  was 
confined  to  the  photometry  of  illumina- 
tion, and  that,  on  a  horizontal  plane.  I 
rarely  measured  candle-power.  The 
public  and  the  street  lighting  authorities 
are  concerned  only  with  illumination, 
but  the  engineer  and  contractor  who 
has  to  supply  the  illumination  has  to 
consider  candle-power  as  well. 

To  measure  candle-power  with  an 
illumination  photometer,  the  first  step 
must  be  to  find  the  vertical  height  of 
the  lamp  above  the  ground.  To  obtain 
this,  set  the  photometer  at  such  a  dis- 
tance from  the  lamp  that  the  shadow 
of  the  pin  falls  on  45°  ;  the  case  being 
level.  Measure  the  horizontal  distance 
from  the  lamp  to  the  pin,  and  from  the 
pin  to  the  ground.  The  sum  of  these 
is  the  actual  height  of  the  lamp.  This 
can  be  measured  without  difficulty  to 
about  2  per  cent.,  say  3  in.  in  12  ft.  6  in- 


*  "  We  do  not  want  to  know  so  much  the  in- 
tensity of  the  light  emitted  by  a  particular  lamp 

as  the  intensity  of  the  illumination  of  the 

surface  of  the  streets  and  of  the  pavements  

we  want  to  know  in  fact  the  degree  of  illumina:- 
tion  due  to  the  emitted  light,  not  the  intensity 
of  the  rays  of  the  source  of  light." 

Preece.  Report  to  the  Commissioners  of 
Sewers  of  the  City  of  London,  1884. 
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The  limited  range  of  angles  possible 
by  setting  the  photometer  at  different 
distances  does  not  admit  of  a  complete 
measurement  of  hemispherical  candle- 


FiG.  106. — General  view  of  outside  of  Everett- 
Edgcumbe  instrument. 


power,  but  it  comprises  most  of  the 
useful  candle-power  emitted.  With  a 
horizontal  photometer  the  calculation 
is  as  follows  : — In  Fig.  107  H  is  the 
height  of  the  lamp,  h  the  horizontal 
height  of  the  photometer  screen  from 
the  ground,  and  D  the  horizontal 
distance  of  the  screen  from  the  lamp. 

L  [H  -hi  I  cos  ^  or  L  = 
n/D^  -  (H  -  h)'\  and  the  candle-power 
is  (E  X  L^)  /  cos  6,  where  E  is  the 
illumination  in  foot-candles. 

It  may  be  observed  that  when  the 
square  of  the  slant  height  L  in  feet  is 
equal  to  the  cosine  of  the  angle  of  inci- 
dence, the  scale  graduated  in  foot- 
candles  becomes  a  scale  of  candle- 
power,  and  when  the  square  of  the 
distance  in  feet  is  10,  or  100,  or  1,000 
times  the  cosine,  the  multipliers  10, 
100,  or  1,000  may  be  used  to  convert 
it  into  a  scale  of  candle-power.  The 
square  of  the  slant  height  being  known, 
the  x^hotometer  may  be  tilted  until  the 
required  cosine  is  indicated  on  the 
quadrant  by  tlie  shadow  of  the  jiin.  If 
the  slant  height  is  measured  by  the 
sum  of  the  squares  of  the  horizontal 


distance  and  the  height,  the  square 
is  at  once  obtained. 

The  pivoted  mounting  of  the  Everett- 
Edgcumbe  pattern  allows  the  photo- 
meter screen  to  be  set  exactly  facing 
the  lamp  to  be  measured.  This  elimi- 
nates the  cosine  factor,  and  the 
illumination  in  foot-candles  multiplied 
by  the  square  of  the  distance  in  feet 
from  the  photometer  to  the  light,  gives 
the  candle-power. 

The  Battery,  Switch,  and  Contacts. — 
A  two- cell  accumulator  supplying  a 
four-volt  lamp  is  used  in  connection 
with  the  photometer.  Even  an  in- 
veterate anti-motorist  must  admit  that 
we  owe  to  the  modern  motor-car  the 
development  of  excellent  portable 
accumulators.  Transparent  celluloid 
cells  are  best,  for  the  free  liberation  of 
gas  which  indicates  the  completion  of 
the  charging  can  be  seen.  Some  cells 
contain  floats  which  roughly  indicate 
the  state  of  the  charge.  When  fully 
charged,  a  pair  of  cells  gives  about 
4'1  volts,  but  if  left  running  at  the 
normal  rate  of  discharge  for  10  to  15 
minutes  they  settle  down  to  a  steady 
pressure.  This  depends  on  the  rate 
of  discharge  and  on  the  internal  resis- 
tance. It  is  very  nearly  4  volts. 
The  capacity  in  ampere-hours  at  the 
normal  rate  is  generally  marked  on  the 
cells,  and  this  should  never  be  exceeded, 
but  it  is  not  likely  to  be  reached  in 
a  long  evening's  work  if  the  lamp  is  not 
used  except  when  a  measurement 
is  being  made. 
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With  so  small  an  electric  pressure  as 
4  volts,  the  slightest  imperfection  of 
contact  makes  a  serious  difference  in  the 
current.    The  use  of  bayonet  or  loop 
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contacts  for  the  lamp  is  out  of  the 
question.  A  screw  socket  is  good  if 
it  is  well  screwed  home,  but  soldered 
connections  are  better.    In  my  earlier 


10  1-5  20 

Fig.  108. 

photometers  the  accumulators  were 
carried  in  the  instrument,  but  Messrs. 
Everett,  Edgcumbe  &  Co.  provide  a 
separate  accumulator  and  flexible  con- 
ductors. If  these  wires  are  carefully 
used  and  inspected,  no  error  need  arise. 
The  instrument  is  more  portable  if  the 
accumulators  can  be  carried  with  one 
hand  and  the  photometer  in  the  other, 
but  it  is  better  not  to  disconnect  them 
at  all  except  for  charging.  The  ter- 
minals of  the  accumulator  must  be 
clean  and  well  screwed  up. 

The  switch  is  a  likely  place  for  a 
bad  contact.  There  is  a  great  tempta- 
tion to  use  a  switch  which  lights  up 
the  lamp  when  it  is  depressed,  and  flies 
up  wdth  a  spring  when  it  is  released. 
This,  of  course,  prevents  the  wasteful 
running  of  the  accumulator,  but  if  the 
contacts  are  loose  enough  to  allow  the 
switch  to  fly  off,  it  is  very  likely  that 
they  will  not  give  exactly  the  same 
degree  of  contact  every  time.  This  can 
be  tried  during  the  check  test  which 
should  precede  every  evening's  work, 
and  which  should  be  repeated  if  possible 
at  its  close. 

The  weight  of  Messrs.  Everett,  Edg- 
cumbe &  Co.'s  pattern  is  only  4  lbs.  ; 
the  accumulator  w^eighs  6  lbs.,  and  a 
tripod  as  light  as  IJ  lbs.  can  be  pro- 
vided. It  is  perhaps  unwise  to  use  a 
flimsy  tripod.  One  with  a  shelf  to 
carry  the  accumulator  stands  more 
firmly,  and  reduces  the  chance  of  a 
general  wreck  by  an  accidental  en- 
tanglement with  the  flexible  wires  in 
street  work. 

Height  of  the  Photometer. — ^With  the 
exception  of  the  instrument  illustrated 
in  Fig.  91,  page  657,  in  my  early  work 
I  always  placed  the  photometer  on  the 
ground.    This  seemed  to  be  the  obvious 


way  of  measuring  the  illumination 
received  by  streets  and  pavements. 
The  photometers  with  eye-pieces,  such 
as  the  Mas  cart,  Weber,  and  most 
modern  continental  instruments,  on 
the  other  hand,  have,  naturally,  been 
used  on  stands  at  a  height  of  about 
IJ  metres.  In  recent  work  in  this 
country  with  my  photometer  and  that 
of  Mr.  Haydn  Harrison,  a  stand  has  been 
used,  and  the  usual  height  of  the  photo- 
meter screen  is  from  3  ft.  6  in.  (1*060  m.) 
to  4  ft.  (1*22  m.)  from  the  ground. 
Most  workers  prefer  to  keep  the  screen 
at  some  distance  from  the  eye,  in  order 
to  obtain  a  good  general  view  of  it. 

The  effect  of  the  height  of  the  instru- 
ment on  the  illumination  received  by 
it  is  easily  calculated  for  a  theoretical 
case  in  which  the  candle-power  of  the 
lamp  is  uniform  in  all  directions. 
Let  the  lamp  be  19  ft.  from  the  ground, 
and  the  photometer  screen,  in  one  case 
1ft.,  and  in  the  other  4ft.,  from  the 
ground.  The  lamp  will  then  be  18  ft. 
or  15  ft.  above  the  screen  when  the 
instrument  is  placed  immediately  be- 
neath. The  illumination  in  the  latter 
case  will  be  15718'  or  0-695  of  that 
in  the  former.  This  appears  at  first 
sight  to  be  a  serious  matter.  Fig.  108 
shows  the  curves  of  distribution  of 
illumination  in  the  two  cases.  The 
upper  one  having  a  maximum  ordinateof 
unity  represents  the  case  of  the  photo- 
meter 4  ft.  from  the  ground.    This  is 


4  FEET 
1  FOOT 

Fig.  109. 

simply  the  cosine  cubed  curve  which 
appeared  so  often  in  the  theoretical 
section  of  these  articles  with  the  con- 
vention that  the  lamp  is  at  unit  height. 
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In  the  lower  curve  which  represents 
the  illumination  on  the  screen  when 
it  is  1  ft.  from  the  ground,  this  con- 
vention is  not  retained,  and  it  will  not 
be  retained  when  we  come  to  practical 
examples  of  measurement  of  illumina- 
tion. The  two  curves  rapidly  approach 
and  cross  at  a  distance  equal  to  about 
1*5  times  the  height  of  the  lamp. 
(See  pp.  624,  625.)  After  crossing  they 
lie  at  a  distance  apart  which  is  less 
than  the  thickness  of  the  line  in  the 
diagram.  When  the  screen  is  4  ft. 
from  the  ground,  and  the  angle  of 
incidence  is  70°,  the  illumination  is 
0*400  of  the  maximum.  When  the 
screen  is  dropped  to  1  ft.  from  the 
ground,  the  angle  of  incidence  is  66°  24', 
and  the  illumination  is  0*0445.  Al- 
though the  slant  height  of  the  lamp  is 
greater,  the  smaller  angle  of  incidence 
more  than  compensates  for  it. 


The  difference  seen  on  the  left-hand 
side  of  the  diagram  loses  its  importance 
when  the  comparatively  small  area  of 
horizontal  surface  over  which  this 
difference  exists  is  taken  into  account. 
It  may,  therefore,  be  assumed  that  the 
height  of  the  photometer  has  very 
little  effect  on  the  mean  illumination  ; 
the  difference  as  regards  minimum 
illumination  is  imperceptible,  and  the 
height  need  only  be  considered  when 
measurements  are  being  taken  beneath 
a  lamp. 

When  the  candle-power  of  the  lamp  is 
not  the  same  in  all  directions,  measure- 
ments of  illumination  at  various  heights 
will  be  affected  somewhat  differently. 
Fig.  109  gives  the  results  of  two  sets 
of  measurements  made  by  Mr.  Roger 
T.  Smith  at  Paddington  Station, 
G.W.R. 

{To  he  continued.) 


The  Chemistry  of  Flames 
and  Combustion. 

In  our  last  number  some  editorial 
remarks  were  made  regarding  the 
number  of  lectures  which  have  recently 
been  delivered  dealing  with  various 
aspects  of  illumination.  To  these  must 
be  added  the  series  of  Juvenile  Lectures 
which  Prof.  H.  B.  Dixon  has  just 
completed  before  the  Royal  Society  of 
Arts.  Prof.  Dix^n  contrived  to  be 
both  instructive  and  entertaining.  He 
described  the  results  of  men  like 
Cavendish,  Sir  Humphrey  Davy,  and 
Faraday,  and  illustrated  his  remarks 
with  a  series  of  experiments  bringing 
out  the  nature  of  combustion  of  dif- 
ferent gases,  the  luminosity  of  fine 
particles,  the  conditions  under  which  a 
mixture  of  gases  tends  to  become 
explosive,  &c. 

At  the  present  time,  when  the  theory 
of  the  bunsen  burner  and  the  incan- 
descent mantle  offer  sucli  an  excellent 
field  for  investigation  and  discovery, 
the  study  of  the  properties  of  flame  is 
a  fascinating  subject. 


Modern  Electric  Illumination. 

As  explained  in  our  last  number,  the 
final  lecture  of  the  course  for  juveniles 
delivered  by  Mr.  W.  Duddell,  F.R.S., 
at  the  Royal  Institution  this  winter, 
dealt  specially  with  electric  lighting. 
Mr.  Duddell  contrived  to  cover  a  great 
deal  of  ground  in  the  time  at  his  dis- 
posal. He  traced  the  development  of 
arc  lamps  and  the  electrical  glow  lamp 
and  referred  briefly  to  vapour-tube 
illumination.  Further,  he  passed  on 
to  the  importance  of  studying  the  use 
and  distribution  of  fight  besides  its 
production,  and  laid  special  stress  on 
the  need  for  exact  methods  of  measur- 
ing light.  Measurements  of  this  kind, 
he  suggested,  must  go  hand-in-hand 
with  attempts  to  utilize  light  scien- 
tifically. 

It-  was  not  enough  to  have  dis- 
covered how  to  use  electricity  so 
much  more  successfully  for  the  manu- 
facture of  light.  We  must  also  study 
how  to  use  it  wisely,  and  reap  the 
benefit  of  the  improvements  that  have 
been  made. 
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The   Distribution   of  Energy   in   the   Spectra  of 
Commercial  lUuminants. 

By  W.  W.  COBLENTZ. 

(The  following  paper  has  been  kindly  presented  by  Dr.  W.  Coblentz,  of  the  Bureau  of  Standards,  Washington, 
U.S.A.,  as  a  communication  for  discussion  at  the  hands  of  ^lie  illuminrttittg  (EttgilUCnitg  c^OCiftj). 
The  paper  is  an  exceptionally  exhaustive  one,  and  will  be  continued  in  subsequent  numbers  of  this  journal.  It 
is  hoped  that  a  special  opportunity  for  discussion  will  be  provided  when  this  paper  has  been  concluded. 
Meantime  we  shall  be  glad  to  receive  any  communicated  remarks  on  the  subject,  which  we  will  subsequently 
submit  to  Dr.  Coblentz  for  final  comment.— Ed.) 


In  view  of  the  great  activity  in  the 
attempts  to  improve  our  illuminants,  it 
is  of  interest  to  summarize,  in  a  general 
way,  our  knowledge  of  the  spectral 
radiation  of  various  substances  used  in 
lighting   devices  ;    for   the  luminous 
efficiency  is,  to  a  great  extent,  de- 
pendent upon  the  relative  proportions 
of  heat  and  light  waves  which  are 
emitted.    Much  has  been  written  on 
the  so-called  "  selective  emission  "  as  a 
means    of    increasing    the  luminous 
efficiency  of  our  light  sources  ;  but,  as 
will  be  seen  from  the  illustrations  given 
on  subsequent   pages,   various  other 
factors  in  addition  to  selective  emission 
enter  into  this  question.    Indeed,  it 
appears   that,    whether   the  spectral 
radiation  is  in  the  form  of  a  smooth 
continuous  curve  as  in  the  metals, 
or  whether  the  emitted  energy  is  con- 
centrated into  sharp  emission  bands,  as 
in  the  vacuum  tube  radiation,  the  pro- 
duction of  light  by  thermal  excitation 
is  always  accompanied  by  an  appre- 
ciable amount  of  radiant  heat.  Thus 
far  it  has  not  been  possible  to  avoid  this 
heat  production,  and  probably  it  never 
will  be  until  we  learn  some  of  the 
secrets  of  the  fire- fly,  and  of  the  manner 
of    exciting  fluorescence.  Definitions 
and  improbable  conceptions  of  spectral 
energy   partition  will   be   useless  in 
solving  this  problem.    Kirchhofif's  con- 
ception of  an  ideal  radiator  for  all  wave- 
lengths, which  in  turn  is  an  ideal 
absorber,  i.e.,  one  that  has  no  reflec- 
tivity, has  served  an  excellent  purpose. 


By  definition,  the  ideal  radiator,  at 
any  temperature,  must  emit  energy 
to  the  fullest  extent  for  all  wave- 
lengths throughout  the  spectrum.  In 
practice  we  must  content  ourselves  with 
a  uniformly  heated  enclosure  or  ' '  black 
body  "  as  the  nearest  approach  to  the 
ideal  one. 

Gray  Bodies." 

In  marked  contrast  with  Kirchhoff's 
ideal  radiator,  the  "  gray  body  does 
not  appeal  to  one  as  being  of  great 
utility  in  theory  or  in  practical  work. 
If  a  body  had  a  constant  absorptivity 
for  all  wake-lengths  it  would  be  a 
"  perfectly  gray  body,"  and  its  radia- 
tion would  be,  for  all  wave-lengths, 
proportional  to  that  of  a  "  perfectly 
black  body."  But  the  introduction 
of  this  form  of  analysis  seems  an 
unnecessary  encumberance  in  our 
nomenclature,  because  of  the  im- 
probability of  finding  a  substance 
which  emits  an  exact  ratio  of  the 
intensity  of  a  "  black  body  "  at  all 
wave-lengths. 

A  concrete  example  of  a  "  gray  body  " 
and  of  "  gray  radiation  "  would  be  the 


*  See  Preston's  '  Heat,'  last  ed.,  p.  590  ;  and 
Guillaume,  Bull.  Soc.  Internat.  des  Electriciens, 
5.  p.  397,  1905.  The  latter  shows  that  the 
*'  gray  body,"  originally  proposed  by  Stefan,  is 
too  simple,  for  every  radiating  surface  possesses, 
at  every  temperature  and  at  every  wave-length, 
a  definite  emissivity,  which  can  have  all  values 
from  0  to  1  . 
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radiation  from  a  uniformly  heated 
cavity  ("  black  body  ")  after  it  has 
passed  through  a  rotating  sector, 
or  has  been  transmitted  through 
or  reflected  from  a  substance  (if  such 
a  substance  can  exist)  having  uniform 
transmissivity  or  reflectivity  through 
out  the  entire  spectrum.  In  this 
manner  all  the  radiation  would  be 
reduced  by  a  definite  and  uniform 
amount,  at  every  wave-length,  through- 
out the  entire  spectrum. 

From  our  present  knowledge  of  the 
physical  properties  of  substances,  it 
appears  as  though  all  substances  will 


/00% 


all  Avave-lengths.  Since  the  emis- 
sivity,  absorptivity  and  reflectivity 
of  a  substance  are  intimately  related, 
we  can  gain  some  information  as  to  the 
nature  of  its  emissivity  (whether 
"gray"  or  ''black")  from  a  know- 
ledge of  either  of  the  other  two  proper- 
ties. In  dealing  with  substances  of 
which  the  absorptivity  and  reflectivity 
are  unknown  we  can  compare  them  with 
chemically  related  substances  ;  for  it 
has  been  abundantly  proven  that  the 
great  groups  of  chemically  related 
substances  possess  definite  and  similar 
characteristics.    These  substances  are 
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Fig.  1. — "Reflectivity"  of  various  Metallic  an<i  Insulating  Bodies. 


be  found  to  have  selective  emission  in 
some  parts  of  the  spectrum.  To 
analyze  this  radiation  into  its  com- 
ponents, stating  that  so  much  is  due 
to  selectivity  and  so  much  is  "gray 
radiation,"  seems  impracticable  for 
it  is  admitted  that  at  any  one  tempera- 
ture wc  may  have  an  infinite  number 
of  "  gray  bodies." 

All  substanc(^H  have  a  definite  bound- 
ing surface  wliich  possesses  a  charac- 
teristic refl(!Ctivity,  in  contrast  with 
KirchofT's  ideal  radiator,  wliich  has  no 
reflectivity,  i.e.,  one  which  absorbs 
completely  all  radiation  falling  upon 
it,  whatever  the  wave-length,  and 
hence    emits    completely    energy  of 


of  two  kinds,  viz.,  insulators  or  "  trans- 
parent media,"  and  electrical  con- 
ductors. The  transparent  media  are 
characterized  by  a  low  reflectivity, 
4  to  5  per  cent,  usually  decreasing 
with  increase  in  wave-length,  which 
often  extends  far  into  the  infra-red. 
These  substances  have  narrow  bands  of 
selective  absorption  alternating  with 
regions  of  great  transparency  (the 
reflectivity  being  but  slightly  greater 
than  in  the  adjacent  region).  Beyond 
7  /X  {fi  0-001  mm.)  they  have  regions 
wliere  the  absorption  co-eflicient  sud- 
denly assumes  large  values.  In  fact, 
as  will  be  noticed  in  Fig.  1,  which  gives 
the  reflectivity  of  several  metals  and 
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insulators,  the  absorption  coefficient  low  reflectivity,  and  the  whole  is  a 
assumes  such  large  values  that  the  region  of  anomalous  dispersion.  These 
substance  reflects  like  a  metal.  This  conditions  prevail  throughout  the  spec- 
is  well  illustrated  in  quartz,  Si  0„  and  trum   from   the   ultra-violet   to  the 
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Fig.  2. -Radiation  Curves  of  Gray  Body,  Black  Body,  and  Platinum. 

carborundum,  Si  C,  Fig.  1.    Imme-  extreme  infra-red   <^^-«n  .fo'j^^fl^^^f  ^| 

diately  preceding  tliese  bands  of  high  waves.    Out  of  the  ^^^i^^l-f^ 

reflectivity  (called  metallic  reflection)  substances  already  examined  covering 

the  substance  shows  an  abnormally  all  the  great  groups  of  chemically 
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related  compounds,  only  one,  viz., 
silver  chloride,  has  yet  been  found 
which  has  no  bands  of  metallic  reflec- 
tion ;  but  even  in  this  substance  such 
a  band  is  suspected  in  the  remote 
infra-red.  Its  capacity  is  greater  in 
the  short  wave-lengths  than  in  the 
infra-red,  and  hence  it  can  not  emit 
"  gray  radiation."  From  theory  and 
from  experimental  knowledge  it  is  highly 
improbable  that  a  ''gray  body"  will 
be  found  among  insulators.  Even  the 
various  forms  of  carbon  fail  to  conform 
to  a  uniform  absorptivity  over  a  wide 
range  of  the  spectrum. 

Turning  now  to  the  electrical  con- 
ductors, we  find  conditions  exactly  the 
reverse  of  those  in  the  insulators.  In 
the  metals  the  ionization  is  more  com- 
plete. The  absorption  ("  extinction  ") 
coefficient  has  high  values  throughout 
the  infra-red  and  the  narro\\  band 
(or  bands)  or  metallic  reflection,  so 
characteristic  of  the  insulators,  is 
broadened  out  into  a  continuous  dis- 
turbance extending  from  the  remotest 
infra-red  down  into  the  visible  spec- 
trum. (See  Fig.  1,  which  gives  the 
reflectivity  of  gold  and  silver).  The 
region  of  abnormally  low  reflectivity, 
e.gr.,  the  one  in  quartz  at  7  /a,  is  shifted 
into  the  ultra-violet  in  silver.  Inci- 
dentally it  may  be  noticed  that  quartz 
is  one  of  the  best  insulators  while  silver 
is  the  best  of  electrical  conductors. 
Observations  show  that  (just  the 
opposite  to  insulators)  metals  increase 
in  reflectivity  with  wave-length  and 
that  for  the  long  heat-waves  the  re- 
flectivity is  proportional  to  the  electri- 
cal conductivity.  This  has  been  found 
true  of  all  metals  examined,  which 
cover  the  whole  range  of  the  Mendelejeff 
series,  and,  in  view  of  the  fact  that 
related  groups  of  elements  and  com- 
pounds have  been  found  to  exhibit 
similar  physical  phenomena,  there  is 
sufficient  reason  to  believe  that  the  few 
uninvestigated  metals,  e.g.,  tungsten, 
tantalum,  osmium,  &c.,  will  have 
similar  cliaracteristics.  It,  therefore, 
appears  safe  to  assume  that  among  the 
electrical  conductors  as  among  tlie 
insulators,  no  substance  will  be  found 
Batisfying  the  condition  for  emitting 
*'gray  radiation,"  for  hero  again  the 
absorption    (1  — •  lieflcctivity)    is  not 


uniform  throughout  the  whole  spec- 
trum, and  the  "  gray  body "  is  a 
myth.  Since,  at  any  temperature, 
we  may  have  an  infinite  number  of 
gray  bodies  differing  only  in  the  total 
amounts  of  radiation  (Hyde  et  alia., 
N.Y.  Section,  Illuminating  Eng.  Soc, 
Feb.,  1909  ;  Electrical  World,  liii.  p.  439, 
1909),  the  introduction  of  the  "  gray 
body  "  is  an  innovation  which  cannot 
be  of  real  service  in  problems  in  radia- 
tion ;  but,  with  other  similar  concep- 
tions, will  more  likely  befog  what  little 
we  know  of  the  physical  principles 
involved.  In  this  respect  it  differs 
from  Kirchhoff's  ideal  radiator,  in 
which  the  emissivity  is  independent 
of  the  composition  of  the  radiating 
enclosure.  Furthermore,  since  the  re- 
flectivity of  metals  is  uniformly  increas- 
ing {i.e.,  the  reflectivity  curve  shows 
no  indentations)  throughout  the  infra- 
red, they  cannot  have  bands  of  selec- 
tive emission  in  this  region  of  the 
spectrum.  Their  selective  emission 
must  occur  in  the  region  of  the  visible 
spectrum  for  all  the  metals,  thus  far 
examined,  have  a  low  reflectivity  in 
this  part  of  the  spectrum.  The  coloured 
metals  exhibit  bands  of  selective 
emission,  e.g.,  a  molten  bead  of  copper 
in  a  Bunsen  flame  appears  greenish, 
while  molten  silver  is  bluish  in  colour. 
In  the  "white  metals,"  e.g.,  platinum 
(to  which  class  tungsten  and  tantalum 
seem  to  belong)  the  selective  emission 
is  in  the  form  of  a  wide  band  extending 
over  the  visible  spectrum.  This  is 
apparent  from  the  fact  that  at  any 
wave-length,  E  =  e  (1  —  R)  where 
E  and  e  are  the  respective  emissivities 
of  the  metal  and  of  the  "  black  body,"^ 
and  R  is  the  reflectivity  of  the  metal. 

In  Fig.  2  is  given  the  observed 
spectral  energy  curve,  a,  of  a  "  black 
body,"  at  a  temperature  of  1492°  C, 
and  that  of  a  radiator  "  gray  body  " 
curve  h,  which  has  a  uniform  reflec- 
tivity of  90  per  cent,  (hence  an  emis- 
sivity of  10  per  cent,  of  black  body) 
throughout  the  spectrum.  Curve  c 
gives  the  emissivity  of  platinum.  The 
area  between  the  curves  h  and  c  gives 
the  selectivity  of  platinum,  which  de- 
creases as  we  proceed  into  the  infra- 
red. The  radiation  curve  of  platinum 
is    computed    from    the  reflectivity 
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observed  at  room  temperature,  hence 
is  not  quite  correct,  since  the  reflec- 
tivity, like  the  electrical  conductivity, 
has  a  temperature  coefficient.  These 
curves  are  plotted  to  the  same  scale,  and 
the  extraordinary  difference  in  their 
emissivity  at  once  becomes  apparent. 
Platinum  has  a  reflectivity  of  about 
90  per  cent  at  3*5  to  4  ft,  which  increases 
gradually  to  about  96  per  cent  at  14  /x  ; 
hence  its  radiation  is  "  gray,"  with 
respect  to  this  particular  "  grsij  body  " 
(curve  b,  Fig.  2)  at  3*5  to  4  ft. 

The  insulators,  if  in  sufficient  thick- 
ness are  far  better  radiators  than  the 
metals.  The  reflectivity  is  so  low  that 
they  approximate  very  closely  the 
black   body  radiation.    The  manner 


Since  the  maximum  spectral  radia- 
tion of  the  earth  occurs  in  the  region 
of  8  to  10  ft  and  since  the  constituents 
of  its  crust  are  chiefly  silicates,  it 
appears  that  the  earth  cannot  cool  so 
rapidly  as  it  would  if  there  was  no  such 
suppression  of  radiation  of  wave- 
lengths 8  to  10  ft.  It  is  of  interest  to 
note  that  in  the  region  of  7' 8  //,  in 
quartz,  the  reflectivity  is  almost  zero, 
so  that  (since  the  absorption  is  high) 
even  for  an  ordinary  thickness,  the 
emissivity  is  practically  equal  that 
of  Kirchhoff's  ideal  radiator.  In  fact, 
only  in  the  region  of  anomalous  dis- 
persion can  a  material  substance  have 
this  property,  and  the  problem  in 
illumination  is  to  produce  a  radiator 
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in  which  the  spectral  emissivity  of  a 
substance  is  decreased  with  increase  in 
its  reflectivity  is  shown  in  Fig.  3. 
The  continuous  curves  represent  the 
radiation  from  an  ideal  radiator  at 
respectively  300°  Abs.  and  400°  Abs. 
The  dotted  curves  represent  the  emis- 
sivity of  quartz  (see  Fig.  1)  at  the  same 
temperature.  In  the  region  of  selec- 
tive reflection,  at  8  to  9  m  (see  Fig.  1)  the 
emissivity  is  suppressed  in  proportion 
to  the  reflectivity.  This  was  experi- 
mentally verified  by  Rosenthal  and  by 
Coblentz.^ 

1  Rosenthal.  Ann.  der  Physik  (3)  G8,  p.  783, 
1899.  Coblentz,  Bull.  Bur.  Standards,  Vol.  5, 
p.  177. 


with  a  high  melting  point  and  having 
optical  properties  in  every  respect  like 
silver  (Fig.  1)  except  that  the  band 
of  low  reflectivity  falls  within  the 
centre  of  the  visible  spectrum.  Un- 
fortunately all  the  "  white  "  metals, 
e.g.,  platinum,  have  their  lowest 
reflectivity  in  the  ultra-violet,  so  that 
we  cannot  get  the  full  benefit  of  its 
selective  emission.  In  addition  to  a 
higher  operating  temperature,  it  seems 
quite  certain  that  tungsten  and  osmium 
owe  their  high  luminous  efficiency  to 
strong  selective  emission,  due  to  a  low 
reflectivity  in  the  visible  and  utra- 
violet  part  of  the  spectrum.  Thus  far 
the  writer  has  been  utterly  unable  to 
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procure  mirror  surfaces  of  these  two  attention  was  called  to  the  fact  that  a 

metals  to  test  this  question,  which  is  an  high  electrical  conductivity  was  accom- 

important   one  in  radiation.    Curves  panied   by  a  high  reflectivity  (conse- 

showing  the  distribution  of  energy  in  the  quently  low  emissivity)  in  the  infra-red. 

spectra  of  metals  have  been  given  in  This  seems  to  be  a  property  of  metallic 

previous  numbers  of  this  journal"  ;  and  (electrical)  conductors. 

2  Coblentz,  Illuminating  Engineer,  London,  Vol.  II.,  1909,  p.  557. 
{To  he  continued.) 


lime  Congres  International  des  Maladies  Professionnelles, 

study  of  Illumination  and  Defects  of  Vision. 


By  the  kindness  of  Dr.  T.  M.  Legge, 
H.M.  Medical  Inspector  of  Factories, 
we  have  received  some  particulars  of 
the  second  meeting  of  the  above  inter- 
national Congress,  which  is  announced 
to  take  place,  under  the  patronage  of 
the  Belgian  Government,  in  Brussels 
on  September  10th  to  14th,  and  we 
understand  that  a  very  influential 
committee  of  organization  has  been 
formed. 

A  point  of  considerable  interest  to 
this  journal  is  the  fact  that  on  this 
occasion  a  special  section  has  been 
devoted  to  matters  connected  with 
eyesight  and  illumination.  Thus  the 
official  summary  of  matters  to  be  dealt 
with  in  the  fourth  section  is  as 
follows  : — 

L'ceil  et  la  vision  dans  leurs 
rapports  avec  les  maladies  profes- 
sionelles.  L'eclairage  rationnel  des 
ateliers.  Les  procedes  photome- 
triques.  Le  surmenage  oculaire. 
L'acuite  visuelle  pendant  I'appren- 
tissage.  La  cataracte  et  Tare  senile 
des  verriers  et  des  ouvriers  exposes 


aux  rayonnements  intenses.  *  Le 
nystagmus  des  houilleurs.  L'oeil 
saturnin.  Les  lesions  oculaires  du 
sulfo-carbonisme.  Les  opthalmies 
dues  aux  poussieres,  aux  gaz,  aux 
vapeurs. 

An  important  precedent  has  been 
formed  in  the  combination  of  study  not 
only  of  defects  of  vision  but  also  the 
conditions  of  illumination  responsible 
for  them.  Thus  it  will  be  seen  that  the 
question  of  the  standard  of  vision  of 
employees  during  their  period  of 
apprenticeship  is  to  be  considered,  and 
also  the  proper  lighting  of  factories. 
Another  problem  for  investigation  to 
which  we  have  referred  before  in  these 
columns  is  that  of  the  effect  of  intense 
radiation  in  possibly  causing  cataract. 
It  will  also  be  seen  that  the  programme 
contains  a  reference  to  photometrical 
processes,  which  are  probably  neces- 
sarily intimately  connected  with  any 
adequate  study  of  conditions  of  illu- 
mination, though  it  has  not  always 
been  realized  in  the  past.  The  account 
of  the  proceedings  of  this  Congress  will 
be  aAvaitt'd  with  interest. 


Announcements  of  the  Iron  and  Steel  Institute. 


We  are  informed  that  the  annual 
general  meeting  of  the  Iron  and  Steel 
ln'-<titute  will  take  place  at  the  Institu- 
tion of  Civil  Engineers,  Great  George 
Street,  London,  S.W.,  on  May  4th 
and  5th,  1910,  and  the  annual  dinner 
wir  be  held,  under  the  presidency  of 
His  Grace  the  Duke  of  Devonshire  at 
the  Hotel  Cecil  on  Wednesday,  May  4th. 
The  autumn  meeting  of  the  Institute 


is  to  take  place  at  Buxton  on  September 
27th,  28th,  and  29th,  1910. 

Attention  is  also  drawn  to  the 
International  Congress  of  Mining 
Metallurgy,  Applied  Mechanics,  and 
Practical  Geology,  which  is  to  be  held 
at  Diisseldorf  in  the  last  week  of  June, 
1910.  All  particular's  can  be  obtained 
from  the  Secretary,  Mr.  G.  C.  Lloyd, 
28,  Victoria  Street,  S.W. 
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The  Need  for  the  Measurement  of  Illumination : 
Daylight  and  Artificial. 

(Paper  read  by  Mr.  P.  J.  Waldram,  F.S.I. ,  before  The  Society  of 
Architects,  January  ISth,  1910,  at  8  p.m.  ;  abbreviated.) 


The  daylight  and  artificial  illumination 
of  buildings  is  a  matter  which  the 
architect  is  constantly  called  upon  to 
determine,  and  to  determine  in  most 
cases  for  the  whole  life  of  the  building. 
It  is  difficult  to  imagine  any  building 
where  the  decisions  of  the  designer 
with  regard  to  the  shape  and  size  of 
windows  and  the  provision  of  artificial 
iliuminants  are  not  of  the  utmost 
importance.  In  schools,  libraries, 
hospitals,  and  workshops  the  efficiency 
and  sufficiency  of  the  lighting  has  to 
be  his  first  consideration,  and  in  very 
few  buildings  indeed  can  he  afford  to 
make  it  a  secondary  one. 

At  the  same  time,  rooms  which  are 
built  with  an  unduly  large  proportion 
of  window  space  can  only  be  warmed 
with  difficulty  and  at  great  expense, 
whilst  in  summer  they  are  insufferably 
hot.  Even  greater  care  has  to  be 
exercised  in  order  to  avoid  excessive 
artificial  lighting,  which  is  not  only 
expensive,  but  extremely  detrimental 
to  the  eyesight. 

One  would  therefore  naturally  expect 
the  subject  of  illumination  to  have 
been  fully  investigated  by  architects, 
and  to  receive  from  students  as  much 
attention  as  the  proportions  of  Greek 
temples.  One  would  expect  that  it 
would  be  the  subject  of  minute  regula- 
tions in  the  London  Building  Acts 
and  in  local  By-laws,  in  the  regulations 
of  the  Board  of  Education,  and  in  the 
Government  requirements  for  the 
proper  lighting  of  factories  and  work- 
shops. It  would  be  expected  that  in 
the  intensely  populated  towns  and 
cities  of  England,  where  land  is  valued 
by  the  square  foot,  and  almost  by  the 
square  inch,  and  where  a  light  well 
costs  a  modest  competence  in  dead 
rent,  that  the  limiting  angles  of  good, 


bad,  and  indifferent  lighting  would 
be  known  exactly.  But  this  is  hardly 
what  we  do  find.  What  is  the  infor- 
mation possessed  by  the  average  archi- 
tect upon  the  subject  of  windows  ? 
He  knows  that  the  window  space  of 
every  room  should  be  at  least  one 
tenth  of  the  floor  space — text-books 
written  100  years  ago  will  tell  him  that 
— and  he  probably  knows  that  the 
same  proportion  in  schools  should 
approximate  to  one-fifth.  But  how 
many  could  say  what  proportion  of  the 
outside  daylight  is  enjoyed  in  any 
room  ;  how  many  could  say  what 
difference  would  be  caused  by  any 
given  degree  of  obstruction  ;  or  whether 
the  height  of  the  window  head  makes 
any  difference  ?  How  many  can  define 
the  relative  efficiencies  of  a  square 
foot  of  glass  in  a  wall  and  a  square 
foot  of  glass  in  a  skylight  ?  How 
many  can  tell  a  client  what  would 
be  the  relative  amount  of  light  absorbed 
by  or  reflected  from  wall  papers  of 
different  colours,  or  by  different  kinds 
of  glass  ? 

With  regard  to  artificial  Hght  many 
architects  know  that  a  provision  of 
30  candle-power  per  square  100  ft. 
super  of  floor  area  is  considered  ordinary, 
that  50  candle-poAver  per  square  gives 
bright,  and  60  candle-power  per  square 
gives  brilliant  effects.  But  how  many 
can  say  at  what  height  from  the  floor 
the  lights  should  be  placed  in.  order 
to  give  these  effects,  what  would  be 
the  results  at  other  heights,  or  what 
would  be  the  effect  of  using  frosted  or 
tinted  globes  or  shades,  and  whether 
the  result  would  be  the  same  with 
many  lights  or  few  ? 

There  is  no  technical  literature  on 
the  subject.  The  average  architec- 
tural school  gives  perhaps  one  lecture 
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on  window  areas  to  third  or  fourth 
year  students,  whilst  the  subject  of 
different  systems  of  artificial  lighting 
is  ignored  as  completely  as  it  is  in  the 
syllabus  and  papers  of  the  qualifying 
examinations.  One  seldom  finds  illu- 
mination referred  to  in  the  architec- 
tural technical  press,  and  then  only 
in  vague  and  general  terms,  and  as 
far  as  the  author  is  aware  no  archi- 
tectural institution  has  ever  suggested 
the  formation  of  a  committee  to  in- 
vestigate it  and  collect  information. 

The  Building  Act  and  local  By-laws 
merely  demand  a  minimum  proportion 
between  window  and  floor  area,  irre- 
spective of  whether  such  windows  are 
at  the  bottom  of  a  deep  area  or  over- 
looking a  park.  The  Regulations  of 
the  Board  of  Education  for  new  schools 
(1907)  are  excellent  as  far  as  they  go, 
except  that  they  forbid  the  most 
efficient  possible  window,  viz.,  a  ceiling 
light.  But  they  do  not  go  very  far. 
and  they  are  absolutely  silent  upon  the 
subject  of  artificial  lighting.  Details 
for  the  approval  of  the  Board  are 
required  of  sanitary  arrangements,  ven- 
tilation, boundary  walls,  desks,  fire- 
places, &c.,  but  artificial  lighting  is 
not  even  mentioned.  The  require- 
ments of  the  Home  Office  with  regard 
to  the  lighting  of  workshops  is  that  it 
should  be  "  adequate,"  which  is,  to 
say  the  least,  a  little  indefinite. 

The  reason  for  this  state  of  surprising 
ignorance  is  not  far  to  seek.  Exact 
knowledge  is  impossible  without  mea- 
surements and  standards  ;  and  the 
measurement  of  light  has  been  un- 
fortunately confined  almost  entirely 
to  the  measurement  of  the  intensity  of 
light  sources,  whilst  the  measurement 
of  results,  i.e.,  the  general  illumination 
to  be  derived  from  arrangements  of 
lamps,  has  been  neglected.  A  few 
weeks  ago,  the  author  asked  three  well- 
known  electrical  firms  to  tender  for 
the  wiring  of  a  village  hall  on  the 
basis  of  a  given  illumination  at  a 
certain  height  above  the  floor.  The 
reply  of  each  one  was  to  the  effect  that 
having  no  data  on  illumination  they 
were  unable  to  tender. 

In  the  second  place  the  measure- 
ment of  such  an  everyday  matter  as 
d  tylight  has  not  been  considered  worthy 


of  attention.  In  consequence,  the  in- 
accuracies and  vagaries  of  the  human 
eye  remain  unknown,  and  it  is  com- 
monly regarded  as  an  efficient  instru- 
ment for  measuring  illumination.  As 
a  matter  of  fact,  the  impressions 
received  by  the  eye  are  no  more  an 
accurate  criterion  of  daylight  illumina- 
tion than  a  landscape  photograph  is  a 
measure  of  the  acreage  of  a  field.  A 
piece  of  printed  paper  upon  a  table 
in  the  centre  of  a  room  upon  a  fine  day 
appears  to  be  illuminated  to  very 
much  the  same  extent  as  when  it  is 
held  outside  the  window.  But  try  to 
photograph  in  the  two  positions  ;  out- 
side it  may  require  say  one-fifth  of  a 
second  or  less,  inside  it  will  probably 
take  five  minutes.  The  photographic 
plate  records  a  difference  in  the  relative 
illuminations  of  no  less  than  1,500  to  1  ; 
to  the  human  eye  this  enormous  differ- 
ence is  almost  imperceptible.  This  is 
only  one  instance  of  the  utter  un- 
reliability of  the  eye  as  a  measuring 
instrument.  Many  others  might  be 
cited.  For  instance,  most  people  would 
feel  insulted  if  it  were  suggested  that 
they  were  unable  to  estimate  the 
relative  brightness  of  different  classes 
of  sky  such  as  : — 

1.  Cloudless. 

2.  Blue  predominating. 

3.  Clouds  predominating. 

4.  No  blue. 

5.  Overcast. 

But  nine  people  out  of  ten  who  were 
not  expert  photographers  would  place 
them  in  the  wrong  order.  Very  few 
would  expect  to  find  that  clouds 
increase  illumination,  still  fewer  would 
believe  that  the  illumination  from  a 
cloudy  sky  is  more  than  double  that 
received  from  a  clear  blue. 

Again,  the  effects  of  different  tints  of 
wall  paper  on  the  eye  are  most  extra- 
ordinary. Nearly  everyone  would  be 
favourably  impressed  with  the  lighting 
of  a  room  papered  in  light  pink,  and 
would  be  extremely  liable  to  consider 
inadequate  that  of  a  room  with  light 
buff  or  pale  grey  walls.  Yet  the  latter 
colours  reflect  nearly  four  times  as  much 
light  as  pink.  Certain  wall  papers 
mean  a  very  considerable  difference  to 
one's  bills  for  artificial  light. 
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How  many  people  would  hold  up 
the  Strand  Law  Courts  as  an  example 
of  daylight  lighting  ?  But  try  and  read 
a  piece  of  fine  print  at  sunset  in  the 
witness  box  or  counsel's  seat  of  any  of 
the  Courts,  and  afterwards  try  it  at  the 
same  hour  in  the  centre  of  an  ordinary 
office  with  large  windows  ;  the  difference 
is  surprising.  The  chief  reason  for 
this  is  that  the  windows  are  high  up 
in  the  walls,  and  the  enormously  high 


experts  who  know  how  to  mistrust 
their  own  eyes  to  such  a  degree  as  will 
enable  them  to  form  approximately 
reliable  opinions. 

[Mr.  Waldram  then  proceeds  to 
describe  his  arrangement  for  comparing 
the  daylight-illumination  in  a  room 
with  that  due  to  the  unrestricted  sky 
outside,  and  concludes  by  giving  a 
series  of  data  for  different  buildings  in- 
London.    This  matter  has  been  pre- 
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Fig.  1. — Extra  Minutes  of  Artificial  Lighting  required  to  maintain  a 
minimum  of  1  candle  foot. 


relative  value  of  high  angle  light  is  a 
matter  of  which  the  eye  takes  little 
notice,  and  which  is  seldom  properly 
recognized. 

A  very  little  consideration  of  these 
facts  will  show  that  unaided  visual  im- 
pressions are  quite  worthless  as  a 
criterion  of  the  daylight  illumination 
of  any  room,  and  how  extremely  un- 
likely it  is  that  different  experts,  trust- 
ing to  their  eyes  alone,  will  arrive  at 
the  same  opinion  ;  for  it  is  no  exag- 
geration to  say  that  there  are  few 


viously  dealt  with  in  this  journal.  See 
Illuminating  Engineer  (London),  July, 
1909,  p.  469,  Oct.  1908,  p.  811.] 

In  cases  where  the  obstruction  of  the 
visible  horizon  has  already  taken  place, 
the  proportion  of  light  still  remaining 
can  be  compared  with  that  of  other 
rooms  in  the  neighbourhood  ;  but  the 
more  customary  problem  is  to  estimate 
the  future  damage  of  a  proposed 
obstruction.  This  can  be  ascertained 
in  three  ways. 

(1)  By  erecting  the  proposed  obstruc- 
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tion  in  the  form  of  temporary  screens 
and  noting  their  effect  on  the  per- 
centage of  Hght  enjoyed. 

(2)  By  reproducing  the  room  and  its 
aspect  in  a  scale  model  and  similarly 
noting  the  effect. 

(3)  By  reducing  the  damage  from 
known  and  recognized  data  of  the 
difference  caused  by  any  given  degree  of 
obstruction. 

The  first  two  methods  are  compara- 
tively simple,  and  they  are  the  only 
ways  open  to  us  at  the  present  time  ; 
but  if  we  only  had  the  data  referred 
to  in  (3)  the  trouble,  anxiety,  and  need- 
less expense  of  ancient  light  disputes 
might  be  avoided  altogether,  and  at  the 
same  time  one  of  the  greatest  difficulties 
connected  with  town  building  would 
become  a  matter  of  simple  calculation. 

Finally,  we  have  to  consider  what 
is  the  real  effect  of  any  given  obstruc- 
tion. Over  the  greater  part  of  the 
working  day  it  is  negligible,  for  if  a  room 
be  lit  at  all  at  sunrise  and  sunset,  then 
it  has  a  very  large  excess  between  those 
hours.  It  may  suffer  aesthetically,  and 
in  rental  value,  from  loss  of  prospect  ; 
but  prospect  is  not  an  easement. 

The  real  loss,  as  regards  reading, 
writing,  and  industrial  occupations, 
is  that  more  artificial  light  will  be  re- 
quired in  the  morning  and  evening.  The 
extent  of  this  loss  can  only  be  exactly 
arrived  at  if  the  average  of  increase  and 
decrease  of  outside  daylight  be  known. 
There  is  need  for  exact  and  authorita- 
tive data,  but  approximately  this  may 
be  put  at  a  rise  or  fall  of  about  1,000 
candle-feet  in  45  minutes  on  clear  days 
in  June,  and  in  180  minutes  in  average 
weather  in  December.  In  other  words, 
at  a  point  in  a  room  enjoying  ^^th 
of  the  outside  light  the  illumination 
would  increase  and  diminish  at  the 
average  rate  throughout  the  year  of 


about  1  candle  foot  per  120  minutes. 
But  a  room  only  enjoying  half  that 
proportion  would  require  twice  as 
long  to  acquire  a  working  light  in  the 
morning,  and  would  lose  it  so  much 
sooner  in  the  evening. 

A  rough  approximation  of  a  standard 
well-lit  room  would  be  one  enjoying  an 
average  of  1  candle-foot  {i.e.,  a  fair 
reading  light),  at  half  an  hour  after  sun- 
rise and  at  sunset  on  a  clear  day, 
which  is  given  by  a  proportion  of 
about  5^th  of  the  outside  illumination. 
Fig.  1  shows  approximately  the  number 
of  minutes  of  artificial  illumination 
per  full  working  day  of  sunrise  to 
sunset,  which  would  be  necessitated  in 
such  a  room  by  any  given  degree  of 
damage.  The  cost  of  this  can  be 
readily  ascertained  and  capitalized. 

The  great  present-day  need  is  that 
architects  should  take  an  active  and 
intelligent  interest  in  illumination. 
They  can  at  least  insist  that  gas  and 
electric  subcontractors  should  guarantee 
a  given  illumination  at  table  height  in 
candle  feet.  The  demand  will  soon 
create  the  supply,  and  instruments  for 
testing  the  results  are  neither  expensive 
nor  difficult  to  use.  But  above  all,  we 
need  workers  who  will  record  data 
and  results.  Architects,  and  architects 
alone,  can  do  this  satisfactorily,  and 
their  labours  would  benefit  not  only 
their  own  profession,  but  the  whole  of 
the  working  community. 

An  interesting  discussion  followed  in 
which  Mr.  A.  P.  Trotter,  Mr.  L.  Gaster 
(London),  Mr.  G.  A.  Birkenhead  (Car- 
diff), Mr.  C.  E.  Jackson,  Mr.  R.  G. 
Bare,  Mr.  T.  Lidiard  James  (London), 
Mr.  J.  Todd,  and  Mr.  A.  Alban  Scott 
(London)  took  part,  and  Mr.  P.  J. 
Waldram  subsequently  replied  to  the 
various  points  raised. 

Mr.  J.  W.  Dyson  was  in  the  chair. 


The  Appeal  to  the  Eye  in  Electioneering. 


The  recent  election  may  be  said  to 
have  provided  food  for  reflection  for 
the  illuminating  engineer  on  account  of 
the  extraordinary  development  in  the 
efforts  made  by  botli  sides  to  appeal 
to  the  eye.  Probably  on  no  other 
occasion  has  such  a  liberal  use 
been  made  of    posters    and  of  lan- 


terns and  transparencies  for  the 
announcement  of  election  results  all 
over  London.  When  both  parties  are 
striving  to  catch  the  eye  of  the  elector 
the  question  of  how  a  picture  is  illu- 
minated, as  well  as  what  it  contains, 
is  surely  one  not  lightly  to  be  dis- 
missed. 
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The  Physiological  Effects  of  Radiation. 

By  Dr.  C.  P.  Steinmetz. 

(Address  before  The  Illuminating  Engineering  Society  in  the  United  States,  Third  Annual  Convention,  1909. 

Abbreviated. 


During  the  last  years  considerable 
discussion  has  taken  place  on  the 
harmful  effects  of  radiation,  more 
particularly  of  ultra-violet  light,  to 
such  an  extent  that  in  illuminating 
engineering  ultra-violet  begins  to  assume 
the  same  position  which  resonance 
once  had  in  electrical  engineering,  to 
be  the  scapegoat  which  is  blamed  for 
everything  we  do  not  understand. 

However,  it  cannot  be  denied  that 
artificial  illumination  is  more  harmful, 
more  severe  on  the  eyes,  than  day- 
light.   In  the  last  years  a  rapid  ad- 
vance has  taken  place  in  illuminating 
engineering.    New  illuminants  of  higher 
power,  of  a  whiter  colour — that  is,  a 
colour  more  nearly  like  daylight,  hence 
of  shorter  wave-length,  than  the  illu- 
minants of  old — have  been  introduced. 
During  the  same  years  the  frequency 
of  affections  of  the  eye,  due  to  work- 
ing  under  artificial  illumination,  has 
seriously   increased.    We    also  know 
that  ultra-violet  light  is  harmful.  You 
see,  then,  it  is  very  easy  to  draw  the 
conclusion,  and  the  conclusion  has  been 
drawn,  that  the  increasing  frequency 
of  eye  troubles  is  the  result  of  the 
development  of  illuminants  of  shorter 
wave-length  or  higher  frequency  of 
light,   and   due   to   the   higher  per- 
centage of  ultra-violet   and  harmful 
radiation,  contained  in  these  modern 
illuminants,  as  the  tungsten  lamp  and 
the  arc,  compared  with  the  gas  flame 
and  kerosene  lamp  of  old.  Nevertheless 
the  suggestion  that  the  ultra-violet 
radiation  contained  in  these  modern 
illuminants  may  be  guilty  of  the  harm 
is  refuted  by  the  fact  that  daylight 
contains  a  higher  percentage  of  ultra- 
violet light  than  dbuy  modern  Artificial 
illuminant  in  general  use. 

For  we  must  remember  that  in 
former  days,  when  the  tallow  candle 


was  the  best  illuminant,  affections 
of  the  eye,  due  to  working  under 
artificial  illumination,  obviously  were 
unknown,  because  there  was  no  illu- 
mination of  such  a  character  that  work 
could  be  carried  on  under  it.  With 
the  advance  of  the  art,  and  the  de- 
velopment of  better  illuminants,  it 
became  more  and  more  possible  to  do 
close  work  under  artificial  illumination, 
and  as  a  result  more  and  more  eye 
affections  became  possible  by  working 
under  artificial  light.  Ultimately, 
in  the  last  few  years,  we  have  suc- 
ceeded in  producing  illuminants  with 
an  intensity  and  a  quality  of  colour 
almost  equal  to  daylight,  under  which 
conditions  it  has  become  possible  to  do 
practically  any  work  under  artificial 
illumination;  and  it  has  become  possible, 
instead  of  being  limited  to  six  or  eight 
hours  close  work  during  the  day,  to 
extend  the  time  of  close  work  to  ten 
or  twelve  hours .  The  result  is  necessary 
and  obvious — that  the  strain  on  the  eye 
during  the  long  continued  work  is 
greater  than  can  be  recuperated  from 
during  the  period  of  rest,  and  as  a 
natural  conclusion  we  must  expect 
that  affections  of  the  eye  become  more 
frequent,  resulting  from  the  possibility 
of  extending  the  hours  of  M  ork,  and  the 
possibility  of  working  longer  under 
artificial  illumination.  But  this  is  not 
a  fault  of  the  artificial  light. 

However,  there  are  undoubtedly 
certain  harmful  effects  inlierent  in 
artificial  light.  There  are  harmful 
effects,  also,  in  daylight,  when  used 
improperly ;  but  the  latter  is  not  the 
topic  of  our  discussion — ^^ve  are  dis- 
cussing only  artificial  light  here. 

Artificial  light  can  be  made  very 
harmful  by  improper  illuminating  engi- 
neering, or  the  absence  of  all  illuminat- 
ing engineering,  as  has  been  discussed 
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before  :  too  high  or  too  low  intensity  ; 
location  of  the  light  sources  in  the  field 
of  vision,  and  in  general  excessive 
intrinsic  brilliancy — and  unfortunately 
some  of  the  most  modern  illuminants 
are  almost  criminally  offensive  in  this 
respect — improper  proportion  between 
directed  and  diffused  light  ;  improper 
direction  of  directed  light  ;  improper 
density,  location,  and  termination  of 
shadows,  &c.,  are  all  causes  of  un- 
satisfactory, that  is,  harmful  illumina- 
tion. 

If  we  desire  to  assort  or  separate 
different  shades  of  white  and  yellow 
and  brown  and  red,  under  the  incan- 
descent lamp,  it  imposes  a  much  greater 
strain  on  the  eye  than  to  do  this  by 
daylight,  because  the  differences  are 
much  less  distinct,  and  that  means, 
necessarily,  that  it  is  harmful  to  the 
eye  by  overstrain.  For  other  purposes, 
again,  where  we  desire  to  distinguish, 
for  instance,  blue  and  white,  the  in- 
candescent lamp  may  have  an  ad- 
vantage over  daylight,  because  these 
distinctions  become  greater.  So  we 
find  that  for  some  purposes,  some 
distinctions  of  colour,  the  incandescent 
light  may  be  actually  superior  to  white 
daylight.  For  many  purposes,  how- 
ever, it  is  inferior,  and  therein  lies  the 
disadvantage  and  resultant  harm  of 
coloured  light  for  the  distinction  of 
objects.  In  certain  cases,  again,  as 
in  machine-shop  work,  where  brass 
and  copper  is  handled,  the  mercury 
lamp  would  have  a  disadvantage, 
because  the  difference  in  appearance 
between  brass  and  copper  is  reduced 
in  the  greenish  light  of  the  mercury 
lamp,  this  distinction  made  less  sharp, 
and  therefore  it  is  harder  on  the  eyes 
to  distinguish  the  two  substances 
from  each  other.  It  is  the  field  of  the 
illuminating  engineer  to  choose  as  far 
as  possible  that  colour  tinge  of  the 
liglit  which  is  best  suited  for  the 
particular  purpose  for  which  the  light 
is  used,  to  bring  out  those  distinctions 
most  sharply,  and  not  obliterate  them. 

In  general,  however,  this  effect  is 
pointing  to  that  direction  to  which 
modern  illuminating  engineering  trends, 
that  the  white  light  is  the  most  desir- 
able, the  nearest  approach  to  daylight, 
andj  as  you  know,  we  are  getting  nearer 


to  it — the  incandescent  lamp  is  whiter 
than  the  gas  flame  or  kerosene  flame, 
the  tungsten  lamp  whiter  than  the 
incandescent  carbon  lamp,  but  even  the 
tungsten  lamp  is  still  decidedly  yellow. 

A  second  harmful  effect  of  radiation 
is  the  direct  power  effect.  Radiation 
is  power,  and,  as  such,  when  entering 
the  eye,  is  absorbed,  that  is,  converted 
into  heat,  and  when  of  an  excessive 
intensity  becomes  harmful.  In  the 
eye  we  have  a  protective  mechanism 
guarding  against  the  entrance  of  excess 
light.  For  sudden  excess  light  the 
eyelids  close  automatically.  Moderate 
excess  light  causes  the  pupil  to  con- 
tract, and  therefore  to  reduce  the 
amount  of  light  which  enters  the  eye. 
However  this  protective  mechanism 
does  not  afford  complete  protection. 
The  contraction  of  the  pupil  reduces 
the  entrance  of  light  to  an  amount 
which  is  not  rapidly  harmful,  but  still 
admits  a  sufficient  amount  of  light  to 
become  harmful  when  the  eye  is 
exposed  to  it  for  a  long  time — for 
instance,  when  tending  a  furnace  as 
fireman,  or  in  a  similar  capacity.  We 
find  that  sufficient  power  of  radiation 
enters  the  eye  to  cause  after  some  time 
harmful  effects,  inflammation. 

The  affection  resulting  therefrom, 
"  power  bum,"  gives  a  certain  definite 
set  of  symptoms.  Where  it  is  acute, 
as  in  the  case  of  exposure  to  an  ex- 
plosion or  a  short  circuit,  the  effect 
appears  instantaneously,  or  imme- 
diately after  exposure,  in  the  form  of 
temporary  blindness,  followed  by  effects 
of  the  nature  of  an  inflammatory  affec- 
tion. In  this  case  of  power  burn,  the 
external  effects  are  very  pronounced 
and  marked  ;  they  appear  formidable- 
redness,  swelling,  tears,  acute  pains,  but 
their  characteristic  is  that  recovery  is 
also  very  rapid  and  practically  com.- 
plete — even  in  the  case  of  quite  a 
severe  power  burn  recovery  usually 
results  in  a  few  days,  so  that  the  effect 
is  more  serious-looking  than  actually 
harmful,  although,  naturally,  it  is  not 
advisable  to  look  at  a  short  circuit 
if  you  can  help  it. 

In  causing  a  power  burn,  most 
artificial  illumination  is  decidedly  mon; 
harmful  than  daylight.  Most  artificial 
illuminants    derive   their   light  from 
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temperature -radiation,  that  is,  the  Hght 
is  given  by  high  temperature  of  the 
radiator,  by  incandescence,  from  fila- 
ments, or  the  incandescent  carbon 
particles  in  the  flame,  or  the  incan- 
descent carbon  tip  of  the  arc  lamp. 
Of  the  total  radiation  in  these  cases, 
an  extremely  small  fraction  is  visible  ; 
most  of  it  is  invisible  ultra-red  radiation 
power.  The  amount  of  power,  there- 
fore, which  enters  the  eye  from  an 
incandescent  lamp,  or  a  similar  source 
of  light,  is  very  many  times  greater 
than  the  amount  of  power  which  enters 
the  eye  together  with,  or  as  the  result 
of,  the  same  intensity  of  illumination 
from  daylight. 

These  illuminants,  which  are  not 
based  on  temperature  radiation,  but  on 
selective  radiation  or  luminescence, 
usually  have  a  much  larger  percentage 
of  visible  radiation,  amongst  the  total 
radiation,  and  therefore  are  less  harm- 
ful. Thus  the  light  of  the  Welsbach 
mantle  is  much  less  harmful  than  the 
light  from  a  kerosene  lamp,  because, 
with  the  same  amount  of  light,  the 
total  radiation  power  is  very  much  less. 

In  addition  to  the  effect  of  radiation 
power  in  the  eye,  the  power  burn, 
there  is  a  specific  effect  of  certain  wave- 
lengths of  radiation,  mainly  the  ultra- 
violet light.  This  effect  is  still  absent 
in  the  green  light,  possibly  begins  to 
a  very  slight  extent  in  the  blue  and 
violet,  and  increases  in  the  ultra-violet, 
reaching  a  maximum  at  the  extreme 
end  of  the  ultra-violet,  and  persists, 
possibly  reduced  in  intensity,  up  to  the 
X-rays.  This  specific  action  is  a  harm- 
ful action — it  causes  what  may  be 
called  an  ultra-violet  hum.  We  must 
realize  that  the  range  of  ultra-violet 
radiation  extends  over  more  than 
twice  the  range  of  the  visible  light  ; 
that  is,  the  range  from  the  longest  ultra- 
violet waves  to  the  shortest  ultra- 
violet waves  is  about  two  octaves, 
while  the  entire  range  of  visible  light, 
from  the  red  to  the  violet,  is  less  than 
one  octave. 

We  may  most  conveniently  consider 
three  sections  of  the  ultra-violet 
spectrum,  the  long  ultra-violet  waves, 
that  is,  ultra-violet  light  from  the 
visible  violet  radiations,  to  a  quarter 
or  possibly  a  half  octave  into  the  ultra- 


violet, that  is  the  lowest  frequencies 
or  longest  waves  of  ultra-violet  light. 
Beyond  this  we  get  what  we  may  call 
the  moderate  or  medium  frequency, 
or  medium  wave  lengths  of  ultra-violet 
light,  half  an  octave  or  so  beyond  the 
visible,  and  then  the  high  jreque7icy 
ultra-violet  waves,  the  shortest  ultra- 
violet waves,  from  one  to  two  octaves 
beyond  the  visible. 

These  three  parts  have  very  different 
effects.  The  low  frequency  ultra-violet 
light  is  practically  harmless.  If  of  very 
excessive  intensity,  it  may  cause, 
and  does  cause,  ultra-violet  burns, 
but  if  of  moderate  intensity,  the  form 
in  which  it  exists  in  daylight,  it  is 
harmless,  and  in  that  still  more  mode- 
rate intensity  in  which  it  exists  in 
artificial  illuminants  it  is  still  more 
harmless.  Harmful  effects,  however, 
exist  in  the  medium  wave-lengths,  in 
the  ultra-violet  light  about  one-half 
octave  or  three-quarters  of  an  octave 
beyond  the  visible.  This  medium 
high  frequency  ultra-violet  light  is  very 
decidedly  harmful  to  the  eye.  It 
causes,  even  at  moderate  intensity,  a 
very  severe  affection  of  the  eye.  When 
you  come  to  the  high  frequency  ultra- 
violet waves,  they  are  destructive  to 
the  eyesight.  Exposure  to  a  moderate 
intensity  for  a  few  minutes  only, 
results  in  very  severe  affections  from 
which  recovery  is  very  slow,  and  in 
some  cases  has  not  yet  occurred  com- 
pletely after  eight  years  since  the  harm 
was  done.  So  you  see  the  danger  of 
ultra-violet  light  increases  very  greatly 
when  we  come  to  these  higher  fre- 
quencies or  shorter  wave  lengths. 

The  "  ultra-violet  burn,"  in  its 
symptoms,  is  distinctly  different  from 
the  "power  burn."  The  external  ap- 
pearance of  the  inflammation  is,  in  this 
case,  very  insignificant,  frequently 
absent,  but  the  effect  is  extremely 
permanent  —  lasting,  even  in  mild 
cases,  for  weeks,  and  in  more  severe 
cases  for  years,  while  complete  re- 
covery may  never  occur. 

In  chronic  cases,  in  continued  or 
freqaent  exposure  to  ultra-violet  light 
of  moderate  intensity,  as.  for  instance, 
when  Avorking  near  open  arcs,  that 
is,  arcs  not  protected^^y  glass  globes, 
near    spark    discharges,   as    at  the 
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sender  of  the  \\ireless  telegraph 
station,  an  ultra-violet  burn  appears 
as  a  chronic  affection,  and  the 
two  characteristic  symptoms  are 
headache,  occurring  with  increasing 
frequency,  and  what  may  be  called  a 
blurring  of  the  vision.  That  is,  the 
first  effect  generally  is  that  of  headache, 
occurring  with  increasing  frequency, 
which  may  be  characterized  either  as 
headache  or  as  eyeache,  a  deep-seated 
pain  at  the  back  of  the  eye.  It  is  very 
frequently  for  a  long  time  not  assigned  to 
its  real  cause,  because  there  is  usually 
some  temporary  reason,  some  slight 
indigestion  or  so,  which  brings  it  about, 
until  the  increasing  frequency  of  the 
occurrence  and  the  severity  of  the 
symptoms  leads  ultimately  to  a  sus- 
picion of  the  real  cause,  the  exposure 
to  the  ultra-violet  light.  The  second 
effect  is  a  blurring  of  the  vision,  that  is, 
in  such  cases  you  may  see  clearly,  the 
eyes  are  perfectly  able  to  focus,  but  you 
cannot  keep  anything  in  focus  for  any 
length  of  time. 

In  the  case  of  flame  arcs  and  lumin- 
ous arcs,  it  is  not  safe,  even  for  a  short 
time,  to  be  exposed  to  the  light  of  the 
flame  arc  or  luminous  arc,  when  it  is 
not  enclosed  by  a  glass  globe,  and  any 
experimenter  who  has  anything  to  do 
with  them  must  be  cautioned  to  be 
sure  that  he  has  a  glass  globe  around 
the  arc,  otherwise  when  he  works 
with  the  exposed  arc  for  a  few  hours 
he  may  have  some  weeks'  time  to 
think  over  how  foolish  he  was.  The 
ultra-violet  light  of  the  flame  arc  and 
luminous  arc  extends  only  to  medium 
high  frequencies,  and  the  very  high 
frequencies  have  so  far  only  been 
observed  in  the  light  of  the  low  tem- 
perature mercury  arc.  Since  glass  is 
entirely  opaque  to  these  high  fre- 
quencies, a  mercury  arc  enclosed  in  a 
glass  tube  is  harmless,  because  while  the 
high  frequency  waves  are  produced 
inside,  they  cannot  pentrate  through 


the  glass.  In  the  quartz  tube  you 
get  these  extremely  high  frequency 
radiations. 

Ultra-violet  radiation  of  medium 
frequency,  that  is,  of  considerable 
harmfulness,  is  also  produced  by  spark 
discharges,  and  by  vacuum  discharges 
in  the  Geisler  tube,  and  it  is  quite 
possible  the  Geisler  tube  discharges 
may  give  even  these  extremely  high 
frequency,  extremely  destructive  radia- 
tions, the  same  as  the  low  temperature 
mercury  arc.  Since  the  vacuum  dis- 
charge is  always  operated  in  a  glass 
envelope,  you  do  not  get  this  high 
frequency  of  ultra-violet  light  outside, 
but  if  anybody  desires  to  experi- 
ment with  a  vacuum  discharge  in 
quartz  tubes  he  should  be  extremely 
careful. 

Incidentally,   the   characteristic  of 
these  most  destructive  high  frequencies 
of  radiation  is  that  they  produce  ozone 
from  the  air,  and  they  can,  therefore, 
be  recognized  by  the  odour  of  ozone. 
A  low  temperature  mercury  arc  in  a 
quartz   tube   causes   a   very  intense 
smell   of   ozone   which   it  produces. 
Possibly  the  extreme  destructiveness 
may  be  the  same   effect   which  pro- 
duces ozone,  that  is,  it  causes  resonance 
vibration  of  the  oxygen  atoms,  and 
thereby  dissociates  and  destroys  living 
tissue.    In  the  middle  range  of  the 
ultra-violet  radiation,  we  have  as  a  cha-  | 
racteristic  distinction  that  the  mineral  | 
willemite,    the    native    zinc    silicate,  ( 
fluoresces  bright  green  ;    it  does  not 
fluoresce  in  the  blue  or  violet,  and  it  ; 
does  not  fluoresce  in  the  long  ultra- 
violet light    waves,  that    is,  waves 
which  are  nearer  to  the  visible  light, 
and    relatively    harmless.     Wherever  i 
you    see    the   green  fluorescence  of  1 
willemite,  you  know  you  have  ultra-  \ 
violet   radiation   of   sufficiently   high  | 
frequency  and  sufiici(mtly  short  wave- 
length to  be  dangerous. 

{To  be  continued.) 
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Glare,  its  Causes  and  Effects. 

Discussion  of  the  Society  at  the  House  of  the  Royal  Society  of  Arts  (London)  on  January  11th,  1910. 


A  MEETING  of  the  JUutiunattUG 
JEngtneenuG  Soctetp  was  held  at 

the  House  of  the  Royal  Society  of 
Arts,  London,  on  Tuesday,  January 
11th,  a  number  of  distinguished  visitors 
being  present.  The  chair  was  taken  by 
the  President,  Prof.  S.  P.  Thompson, 
F.R.S. 

The  President  called  upon  the  Hon. 
Secretary  to  read  the  minutes  of  the 
last  meeting,  and  the  names  of  a  number 
of  new  members  of  the  Society  (which 
are  published  on  p.  131  in  this  number) 
were  then  announced. 

The  President  then  explained  that, 
owing  to  the  wide  scope  of  the  questions 
to  be  studied  in  connexion  with  this 
subject,  it  had  been  thought  desirable 
on  the  present  occasion  to  restrict 
the  discussion  mainly  to  the 
physiological  and  hygienic  aspects  of 
the  matter,  and  to  deal  with  the  more 
familiar  applications  at  the  next  meeting. 

Dr.  J.  Herbert  Parsons,  F.R.C.S.,  was 
then  called  upon  to  open  the  discussion. 
At  the  conclusion  of  Dr.  Parsons's 
remarks  (which  will  be  found  in  extenso 
on  p.  99),  the  President  called  on 
Mr.  J.  S.  Dow  to  read  an  abstract  of 
some  of  the  chief  points  in  connexion 
with  the  very  exhaustive  series  of 
communications  from  members  resid- 
ing in  the  United  States  and  on  the 
Continent. 

The  President  also  explained  that,  in 
order  to  give  some  idea  of  the  scope 
of  the  discussion,  a  series  of  questions 
on  points  on  which  fuller  information 
was  desirable  had  been  circulated 
among  members  of  the  Society  and 
other  authorities  likely  to  be  interested, 
and  a  very  striking  response  had 
followed.  It  was  of  course  impossible 
to  do  justice  to  these  valuable  com- 


munications in  the  short  time  at  his 
disposal,  but  the  contributions  would 
be  published  in  extenso  in  the  next 
number  of  The  Illuminating  Engineer. 
Mr.  Dow  then  proceeded  to  read  out 
extracts  from  a  number  of  the  replies 
received,  mentioning  in  each  case  the 
name  of  the  authority  responsible  and 
his  locality. 

An  interesting  discussion  then  took 
place  in  which  Dr.  Edridge  Green, 
Dr  F.  Gans,  Dr.  W.  Ettles,  Dr.  James 
Kerr  (Medical  Officer  to  the  L.C.C.), 
and  Dr.  T.  M.  Legge  (H.M.  Inspector 
of  Factories)  took  part. 

In  closing  the  discussion  about 
9.45  P.M.  the  President  said  that  he 
felt  sure  all  present  would  thank  Dr. 
Parsons,  and  the  other  gentlemen  who 
had  participated  for  having  put  the 
matter  before  them  in  such  a  lucid 
manner.  It  was  evident  that  there 
was  a  good  deal  of  work  still  to  be  done 
in  order  to  arrive  at  unanimity  of 
opinion. 

Mr.  L.  Gaster,  Hon.  Secretary,  said 
that  he  would  like  to  make  special 
reference  to  the  valuable  character  of 
the  contributions  received  from  their 
friends  on  the  Continent  and  in  the 
United  States.  He  felt  that  it  was 
mainly  by  co-operation  of  this  kind 
that  such  matters  could  be  decided,  and 
he  thought  it  might  be  desirable,  as 
one  of  the  corresponding  members 
of  the  Society,  Dr.  Stockliausen,  had 
suggested,  to  nominate  an  international 
committee  subsequently  to  deal  more 
fully  with  the  question  of  glare. 

The  President  then  announced  that 
the  discussion  would  be  adjourned 
until  Feb.  15th,  and  most  of  those 
present  proceeded  to  the  library,  where 
tea  and  coffee  were  provided. 
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The  following  list  of  queries,  dealing 
with  the  above  subject,  was  circulated 
previous  to  the  last  meeting  of  the 
Society  on  January  11th,  and  was 
also  published  in  the  January  number 
of  The  Illuminating  Engineer  (p.  11). 
The  interesting  and  exhaustive  com- 
munications from  foreign  members  of 
the  Society,  published  in  this  number, 
were  received  in  response  to  this 
appeal. 

This  discussion  will  be  resumed 
at  the  next  meeting  of  the  Society 


to  be  held  at  the  House  of  the  Royal 
Society  of  Arts  (John  Street,  Adelphi, 
London),  at  8  p.m.,  on  Feb.  16th  1910, 
and  it  is  hoped  that  those  who  desire 
to  participate,  but  are  unable  to  be 
present,  will  send  in  contributions  in 
writing  to  the  Hon.  Secretary  as  early 
as  possible.  Communications  intended 
for  publication  in  the  March  number 
of  The  Illuminating  Engineer,  must 
reach  the  Hon.  Secretary,  Mr.  L. 
Gaster,  32,  Victoria  Street,  London, 
S.W.,  before  Feb.  20th,  1910. 


List  of  , 

1 .  What  exactly  constitutes  a  '  'glaring ' ' 
system  of  illumination  ? 

2.  Evidence  is  needed  of  instances  in 
which  undue  brilliancy  of  injudiciously 
placed  sources  of  light  has  been  un- 
questionably prejudicial  to  eyesight. 
Suggestions  for  the  collection  of  data 
regarding  eyesight  and  health  and  con- 
ditions of  illumination  enjoyed  by  school 
children,  &c. 

3.  Is  it  desirable  to  recommend  that 
sources  of  a  brilliancy  higher  than  a  cer- 
tain limiting  value  should  never  be  used 
unscreened  in  interiors  ?  Or  that  such 
sources  should  always  be  placed  a  certain 
minimum  distance  from  the  ground  ? 

4.  What  is  the  maximum  intrinsic 
brilliancy  on  the  part  of  an  illuminant 
which  can  be  considered  physiologically 
harmless,  under  ordinary  conditions  ? 
To  what  extent  is  the  glaring  effect  of 
bright  lights  dependent  on  the  distance 
of  the  eye,  on  "  brightness  per  unit 
area,"  and  on  the  area  and  total  amount 
of  light  radiated  by  a  source  ?  In  what 
manner  is  the  desirable  intrinsic  brilliancy 
of  an  illuminant  governed  by  the  bright- 
ness of  surroundings  and  by  the  area  over 
which  the  glare  is  distributed  ? 

To  what  dcf^ree  is  the  sharpness  of  the 
shadows  cast  by  concentrated  sources  of 
great  brilliancy  res]:)onsiblo  for  glare  ?  Is 
the  effect  of  jjjlan;  rendcired  more  acute  by 
variations  in  the  intensity  of  an  unsteady' 
source  of  light  ? 

6.  Is  there  any  reliable  and  simple 
physiological  test  by  which  it  can  be 


\ueries  ;— 

readily  ascertained  whether  an  existing 
system  of  illumination  is  open  to  objection 
on  account  of  glare  ?  Could  the  opening 
and  closing  of  the  pupil-aperture  be  so 
used  ? 

6.  What  instrimients  are  available  for 
measuring  in  a  simple  manner  the  in- 
trinsic brilliancy  of  any  luminous  object  ? 
And  what  accuracy  may  be  expected  in 
such  measurements  ? 

7.  Is  excess  of  light  of  all  colours 
equally  harmful  ?  To  what  extent  are 
the  prejudicial  effects  of  incautious 
exposure  to  brilliant  sources  of  light  due 
to  ultra-violet  rays  ? 

8.  Is  the  intrinsic  brilliancy  of  some 
sources  used  in  the  streets  too  high  ? 
And  would  a  restriction  of  the  existing 
brightness  prove  beneficial  from  the 
point  of  view  of  traffic,  &c.  ?  Sugges- 
tions regarding  the  avoidance  of  glare 
from  the  headlights  of  vehicles,  &c. 

9.  What  is  the  best  intrinsic  brilliancy 
for  illuminated  signs  and  advertisements  ? 
And  how  is  this  affected  by  the  distance 
away  from  which  they  are  to  be  viewed  ? 

10.  Should  any  recommendations  as 
to  the  limiting  brightness  of  illuminants, 
and  illuminated  surfaces,  such  as  shades 
&c.,  in  interiors,  be  made  from  the 
artistic  standpoint  ? 

IL  Actual  examples  of  practical  crises 
{e.g.,  well-known  buildings,  shop -lightings 
&c.)  in  which  insufficient  attention  has 
been  paid  to  securing  absence  of  glare 
or  specially  successful  means  adopted  to 
avoid  it. 
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Glare,  its  Causes  and  Effects. 

By  J.  Herbert  Parsons,  D.Sc,  F.R.C.S. 
Opening  the  discussion  at  a  meeting  held  at  the  House  of  the  Royal  Society  of  Arts 
(London)  on  January  11th,  1910. 

SYNOPSIS. 


Examples  under     natural  conditions. 
,  artificial  „ 

pathological  „ 
The  Physiological  Problem  : — 
Retinal  adaptation. 
Spatial  induction. 

Insufficiency  of  the  protective  mechanism. 
The  Physical  Problem 
Luminosity. 

It  is  perhaps  scarcely  necessary  to 
define  what  is  meant  by  "  glare." 
Every  one  is  familiar  with  the  uncom- 
fortable sensation  experienced  when  a 
bright  light  shines  directly  into  the 
eyes,  and  we  may  accept  this  example 
as  a  sufficient  indication  of  the  meaning 
of  the  term.  It  is  only  when  we  begin 
to  analyze  the  conditions,  physical  and 
physiological,  which  give  rise  to  the 
discomfort  that  we  fully  realize  the 
complexity  of  the  task  we  have  under- 
taken. 

Before  discussing  the  conditions 
which  give  rise  to  glare  in  employing 
artificial  methods  of  illumination,  it 
will  be  well  to  remind  ourselves  of 
familiar  examples  under  natural  cir- 
cumstances. Here  the  physical  data  at 
our  command  have  been  firmly  estab- 
lished by  long  and  patient  investiga- 
tion, with  far  greater  certainty,  indeed, 
than  in  the  use  of  the  relatively  less 
complicated  conditions  of  up-to-date 
artificial  illumination. 

We  have  all  experienced  the  dis- 
comfort of  glare  off  the  sea  in  bright 
sunlight.  Perhaps  the  discomfort  has 
been  enhanced  for  us  by  the  associated 
pangs  of  mal  de  mer.  Another  strik- 
ing example  is  the  glare  from  a  wet 
road  when  the  rain  has  not  long  ceased 
and  the  sun  has  broken  through  the 


Colour. 

Ultra-violet  rays. 

The  Psychological  Problem  : — 
Pain. 

The  role  of  the  fifth  nerve. 
"  Photophobia." 
Effects  of  Glare. 
Conclusion. 

clouds  somewhere  in  the  line  of  vision. 
Glare  is  common  in  southern  countries, 
where  the  sun  is  bright,  the  atmosphere 
clear,  and  the  ground  surface  white. 
It  is  to  be  noted  that  under  such  circum- 
stances glare  may  be  experienced  even 
when  the  sun  is  not  shining  directly 
in  the  line  of  vision  ;  indeed  it  may  be 
actually  behind  the  observer's  back. 
Further,  it  should  be  noted  that 
glare  is  absent  or  little  marked  in 
tropical  countries  where  the  surface  of 
the  ground  is  covered  with  grass  or 
other  vegetation. 

I  think  that  these  examples  may 
afford  us  some  clue  as  to  the  physical 
conditions  underlying  glare.  Another 
example  will  put  us  on  the  track  of  the 
physiological  basis  of  the  phenomenon. 
If  one  passes  from  a  dark  room  sud- 
denly into  bright  sunlight  glare  is 
experienced  in  a  peculiarly  acute  form. 
It  may  be  several  minutes  before 
objects  can  be  distinguished  at  all 
clearly,  and  yet  longer  ere  they  can  be 
viewed  with  comfort. 

Under  artificial  conditions  glare  is 
experienced  in  an  acute  form  when  a 
bright  light  is  situated  almost  in  the 
line  of  vision  between  the  eye  and  the 
object  observed. 

I  will  permit  myself  one  more  example 
taken  from  a  pathological  or  abnormal 
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condition.  People  are  sometimes  born 
with  little  or  no  pigment  in  any  part  of 
their  bodies.  As  you  know  they  are 
called  albinoes — their  hair  is  white  or 
extremely  pale  in  tint,  their  irides  are 
red  owing  to  the  blood  circulating  in 
the  vessels,  and  their  eyes  show  rapid 
oscillations,  a  condition  known  as 
nystagmus.  These  people  suffer  much 
from  glare,  even  under  circumstances 
which  cause  no  discomfort  to  normally 
constituted  individuals.  Much  of  their 
distress  is  alleviated  by  the  use  of 
tinted  glasses  which  modify  the  in- 
tensity of  the  light  which  reaches  their 
retinse. 

Since  glare  is  essentially  an  uncom- 
fortable sensation,  it  is  clear  that  the 
fundamental  point  in  the  problem 
before  us  is  physiological.  The  eye 
shows  a  marvellous  adaptability  to 
extremes  of  intensity  of  illumination. 
Under  favourable  conditions  small  print 
may  be  read  easily  by  the  feeble  light 
of  a  farthing  dip  or  in  the  brilliant 
blaze  of  a  southern  sun.  Experiment 
has  shown  that  the  sensitiveness  of 
the  retina  to  impressions  is  enormously 
increased  by  protecting  the  eye  from 
all  light.  If  the  eyes  are  lightly 
bandaged  so  that  no  pressure  is  exerted, 
but  light  is  effectually  excluded,  in  the 
course  of  about  half  an  hour  the  retina 
reaches  its  maximum  sensibility.  It 
is  then  possible  to  perceive  a  glimmer 
of  light  which  is  quite  invisible  under 
any  other  conditions.  Exposure  to 
light,  on  the  other  hand,  causes  diminu- 
tion of  retinal  sensibility,  so  that  a 
much  greater  degree  of  change  of  in- 
tensity of  illumination  is  necessary 
to  produce  a  conscious  impression  than 
in  the  former  circumstances.  This 
constant  variation  in  the  sensitiveness 
of  the  retina,  which  obviously  sub- 
serves so  useful  a  purpose  in  everyday 
life,  is  called  retinal  adaptation.  We 
have  seen  that  in  dark  adaptation,  when 
the  retina  is  extremely  sensitive,  bright 
light  causes  an  uncomfortable  or  even 
painful  sensation — in  other  words,  glare. 
We  must  conclude,  therefore,  that  the 
condition  of  adaptation  of  the  retina 
is  one  of  the  most  important  factors,  if 
not  the,  most  imy)ortant  in  the  produc- 
tion of  glare.  It  is  not,  however,  the 
only  cause,  for  glare  may  be  induced 


by  less  rapid  and  less  extreme  varia- 
tions in  illumination  than  those  adduced 
as  examples. 

It  will  have  been  noticed  that  in 
most  of  the  examples  of  the  occurrence 
of  glare  in  natural  circumstances  it  is 
caused  by  strong  light  reflected  upwards 
into  the  eyes  from  the  surface  of  the 
sea  or  ground.  It  would  appear, 
therefore,  that  light  entering  the  eye 
in  such  a  direction  is  particularly  prone 
to  initiate  the  symptoms.  In  most 
circumstances  only  relatively  feeble 
diffuse  light  enters  the  eye,  for  the 
sun  or  other  source  of  light  is  high 
above  the  observer  and  the  eye  is 
protected  from  the  direct  rays  by  the 
overhanging  brow  and  lids,  to  which 
is  often  added  some  form  of  artificial 
head  -  gear.  Light  strongly  reflected 
from  below  is  for  the  most  part  worse 
than  useless  for  visual  purposes,  as 
you  must  have  often  observed  in 
reading  books  printed  on  highly  glazed 
paper.  It  is  detrimental  to  clear 
vision  for  two  reasons.  To  take  the 
example  of  the  printed  page.  First, 
it  obscures  the  contrast  between  the 
letters  and  the  paper.  No  ink  is  so 
black  that  no  light  is  reflected  from  it. 
By  strongly  increasing  the  intensity 
of  the  incident  light  the  increase  in 
the  reflection  of  light  from  the  ink  is 
greater  in  proportion  than  the  increase 
in  the  reflection  from  the  paper,  and 
hence  the  contrast  which  is  so  essential 
to  clear  vision  is  diminished.  Secondly, 
many  of  the  reflected  rays  impinge 
upon  the  retina  in  the  immediate 
neighbourhood  of  the  retinal  image, 
so  that  the  contrast  is  further  dimin- 
ished here.  Sharp  definition  depends 
largely  upon  the  contrast  between  the 
retinal  image  and  the  surrounding 
area  of  the  retina.  B;f*a  physiological 
process  which  was  first  pointed  out  by 
Hering,  and  is  known  as  spatial  induc- 
tion, the  sensitiveness  of  the  surrounding 
retina  is  relatively  depressed,  par- 
ticularly at  the  junction  of  the  reacting 
surfaces.  Flooding  the  retina  with 
diffuse  light  must  necessarily  depress 
this  reciprocal  action  and  diminish 
the  sharpness  of  definition  of  the 
image. 

It  might  be  argued  that  glare  is  often 
caused  by  excess  of  contrast,  as  in  the 
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familiar  examples  of  the  intensely 
bright  beams  of  light  from  a  lighthouse 
or  the  acetylene  lamp  of  a  motor  at 
night.  Analysis  of  the  conditions  will, 
however,  show,  I  think,  that  the  same 
causes  are  at  work  here,  augmented  by 
an  unusual  degree  of  dark  adaptation 
of  the  retina. 

Owing  to  the  inherent  defects  of  the 
optical  apparatus  of  the  eye  no  retinal 
image  is  absolutely  sharp  :  there  is, 
therefore,  a  natural  tendency  to  diffuse- 
ness  of  the  image,  no  matter  how 
perfect  the  eye,  and  spatial  induction  is 
apparently  devised  specially  to  counter- 
act this  irradiation,  as  it  is  called. 
Anything,  therefore,  which  interferes 
with  spatial  induction  must  interfere 
seriously  with  clear  vision. 

The  eye  possesses  an  automatic  pro- 
tective mechanism  against  the  in- 
fluence of  bright  light  in  the  iris.  This 
acts  as  a  diaphragm,  which  contracts 
concentrically,  thus  diminishing  the 
size  of  the  pupillary  aperture,  when  the 
incident  light  is  increased.  By  dimin- 
ishing the  aperture  it  also  reduces 
spherical  aberration  and  tends  to  elimi- 
nate irradiation.  The  range  of  the 
apparatus  is  not  sufficiently  great  to 
abolish  the  evil  results  of  intensely 
high  illumination,  as  is  shown  by  the 
cases  of  serious  permanent  defects  of 
vision  Avhich  follow  looking  at  eclipses 
of  the  sun  and  exposure  to  the  bright 
flash  of  a  short  circuit  with  unpro- 
tected eyes.  Hence  the  very  intensity 
of  the  incident  light  may  cause  glare 
and  even  worse  consequences  by  pro- 
d^icing  grosser  changes  in  the  retina 
than  those  which  we  have  been  con- 
sidering. How  these  act  is  not  yet 
satisfactorily  explained,  largely  owing 
to  the  rarity  of  the  opportunity  for 
making  anatomical  examination  of  the 
eyes  from  suitable  cases.  We  may 
conjecture  that  profound  chemical 
changes  occur  in  the  visual  purple  and 
even  in  the  structural  elements,  leading 
to  their  destruction  and  loss  of  function. 
It  would  take  me  too  long  and  lead 
me  too  far  to  discuss  the  matter  fully, 
but  if  the  conjecture  has  any  basis 
we  are  naturally  led  on  to  inquire 
whether  it  is  the  mere  intensity  of  the 
light  which  is  the  causa  causans  or 
whether  it  is  some  particular  form  of 


energy  in  the  incident  rays  which  brings 
about  the  disastrous  result. 

The  incident  light  is  always  composite 
in  character.  By  passing  it  through  a 
prism  it  can  be  broken  up  into  its  con- 
stituent rays,  revealing  the  coloured 
spectrum  in  all  its  glory.  If  the  prism 
is  made  of  quartz  it  may  be  easily 
demonstrated  by  suitable  means  that 
there  are  yet  other  rays  of  importance 
in  the  ultra-violet  region.  Since  the 
ultra-violet  rays  are  known  to  be 
specially  potent  in  effecting  chemical 
change,  attention  would  naturally  be 
directed  first  to  them.  The  eye,  how- 
ever, has  a  very  efficient  protective 
mechanism  against  them,  at  any  rate 
so  far  as  the  retina  is  concerned,  for 
they  are  absorbed  for  the  most  part  by 
the  crystalline  lens.  As  you  are  aware, 
much  attention  is  being  directed  to 
these  rays  at  the  present  time,  and 
since  it  is  not  probable  that  they  are 
more  than  a  subsidiary  element  at  most 
in  the  causation  of  glare,  it  may  be  well 
to  neglect  them  in  this  connexion. 
Otherwise  the  discussion  may  easily 
transcend  the  limits  which  it  would  be 
well  to  put  upon  it  from  utilitarian 
motives. 

More  to  the  point  is  the  question 
whether  colour  or  luminosity  is  pre- 
potent in  causing  glare.  Instances 
culled  from  nature  and  artifice  alike 
point  to  the  fact  that  colour  is  if  any- 
thing beneficial  in  reducing  the  ten- 
dency to  glare.  The  natural  adapta- 
tion of  the  retina  to  red  has,  however, 
to  be  taken  into  account.  In  mathe- 
matical phraseology,  I  am  inclined  to 
think,  that  so  far  as  the  physical  side 
is  concerned,  glare  is  a  function  of 
luminosity  rather  than  of  colour.  On 
the  physiological  side  I  opine  that 
temporal  induction  (retinal  adapta- 
tion) and  spatial  induction  are  the 
pre-potent  factors,  the  latter  specifically 
invalidated  by  the  direction  of  inci- 
dence of  a  superfluity  of  extraneous 
rays. 

In  the  milder  form  of  glare  the  dis- 
comfort experienced  scarcely  amounts 
to  pain.  It  is  difficult  or  impossible  to 
define  where  one  ends  and  the  other 
commences.  Prolonged  discomfort — 
not  in  itself  painful — will  undoubtedly 
induce  pain.    Here  the  psychological 
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factor  becomes  important.  The  bom- 
barding of  the  peripheral  mechanism 
with  sub-maximal  stimuli  appears  to 
produce  an  accumulative  effect  upon 
the  central  mechanism  or  brain,  leading 
to  the  consciousness  of  pain,  which  is  so 
assertive  that  it  drowns  the  specific 
characteristics  of  the  sensations  which 
have  originated  it.  In  discussing  a 
condition  like  glare,  which  leaves  no 
permanent  traces  in  the  form  of  ana- 
tomical changes  in  the  parts  affected, 
the  psychological  factor  cannot  be 
neglected  with  impunity.  Apart  from 
the  pain  induced  by  mere  summation  of 
sub-maximal  stimuli,  it  is  also  caused 
in  the  majority  of  cases  by  the  pro- 
longed efforts  to  minimize  the  discom- 
fort. The  discomfort  of  even  moderate 
glare  causes  screwing  up  of  the  eyes 
and  puckering  of  the  brows,  and  this 
prolonged  muscular  contraction  is  in 
itself  painful.  The  puckering  of  the 
brow  is  specially  liable  to  cause  pain  by 
squeezing  the  supra  -  orbital  nerve 
against  the  frontal  bone.  Painful  im- 
pressions induced  by  the  stimulation 
of  one  branch  of  a  nerve  are  liable  to 
spread  and  be  referred  to  other  branches 
of  the  same  nerve.  Hence  it  is  that 
pain  is  referred  in  these  cases  to  many 
other  areas  supplied  by  the  fifth 
cranial  nerve,  notably  in  the  produc- 
tion of  frontal  headache. 

In  the  more  acute  forms  of  glare, 
however,  pain  is  experienced  at  the 
outset.  Now,  we  have  no  evidence 
to  show  that  any  stimulus,  however 
powerful,  can  produce  pain  through 
the  purely  visual  nerve  tracts.  Pain 
is  regarded  as  invariably  due  to  the 
stimulation  of  certain  afferent  nerves, 
the  nerves  of  common  sensation.  The 
question  arises,  therefore,  whether  the 
pain  of  glare  is  not  due  to  stimulation 
of  other  nerves  than  the  retina  and 
visual  paths.  There  is  an  allied  con- 
dition commonly  called  "  photopho- 
bia." When  a  particle  of  steel  or  coal 
dust  gets  into  tlie  eye,  there  is  an 
intense  sf)asm  of  the  lids  accompanied 
by  a  c()j)ious  flow  of  tears.  The  same 
ph(;nomcnon  occurs  in  an  infhinimatory 
diseasf;  of  th(!  conjunctiva,  common  in 
f  hildrcn,  known  as  j)hly(;t('inilar  con- 
junctivitis. Under  such' circumstances 
it  IS  difficult  to  open  tlie  eyes  at  all,  and 


it  generally  appears  to  be  more  difficult 
in  bright  light  than  in  the  dark — hence 
the  term  photophobia,  or  dread  of 
light.  As  a  matter  of  fact,  it  is  very 
doubtful  if  light  plays  any  potent  part 
in  the  production  of  the  condition, 
which  is  therefore  better  termed  reflex 
blepharospasm  (spasm  of  the  lids). 
Now  reflex  blepharospasm  is  un- 
doubtedly due  to  excitation  of  the 
nerve  endings  of  the  fifth  nerve  in  the 
cornea  and  conjunctiva,  and  although 
the  excitation  is  largely,  if  not  wholly, 
mechanical  in  most  cases,  it  cannot  be 
absolutely  asserted  that  light  is  incapable 
of  stimulating  these  nerve  endings. 
Other  branches  of  the  fifth  nerve  supply 
the  iris  and  ciliary  body,  as  well  as  the 
choroid,  which  lies  immediately  behind 
the  retina.  Is  it  possible  that  the  pain 
of  intense  glare  is  due  to  over-stimula- 
tion of  these  nerve  endings  ?  Although 
inherently  improbable,  it  cannot  be 
denied  that  the  pain  wholly  or  in  part 
may  be  due  to  the  irritation  of  the 
sensory  nerves  in  the  cornea  or  choroid, 
in  the  latter  case  specially  in  the 
macular  region,  where  the  retina  is 
thinnest,  and  in  the  iris,  here  brought 
about  perhaps  by  the  intense  con- 
striction of  the  sphincter  muscle  of 
the  pupil.  Further  investigation  of 
this  interesting  problem  is  needed 
before  any  final  conclusion  can  be 
arrived  at. 

In  the  meantime  we  may  leave  these 
rather  esoteric  conjectures  and  confine 
our  attention  to  the  more  probable 
explanation  already  adduced,  which 
at  any  rate  accounts  for  the  visual 
manifestations  of  glare  and  emphasises 
most  clearly  the  conditions  to  be 
avoided. 

There  are  many  other  points  which 
I  might  here  mention  in  support  of  my 
thesis,  notably  the  penetration  of  light 
through  the  sclerotic,  especially  in 
albinoes,  the  entoptic  reflection  of  light, 
and  so  on. 

With  regard  to  the  effects  of  glare, 
they  may  be  roughly  divided  into  two 
groups,  the  relatively  innocuous  and 
the  severe.  Mere  dazzling,  attribut- 
able to  moderately  intense  illumination, 
and  particularly  to  widespread  diffu- 
sion of  light  over  the  retina,  produces 
discomfort,   which,  when  prolonged 
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eventuates  in  actual  pain.  The  causes 
of  the  pain  thus  experienced  have 
already  been  considered,  and  are  chiefly 
due  to  excessive  action  of  an  in- 
adequate protective  mechanism. 

Severe  results  are  due  for  the  most 
part  to  the  intensity  of  the  stimulus, 
which  may  be  extremely  rapid  in  its 
action,  as  for  example  in  the  case  of 
short-circuiting  of  a  powerful  electric 
current.  Various  grades  may  be  met 
with  in  the  visual  defect  resulting 
from  exposure  to  bright  light.  A 
blurred  spot  or  negative  after-image 
may  be  regarded  as  physiological  when 
it  is  relatively  transient,  but  with 
greater  intensity  the  blurred  spot 
persists,  and  may  even  be  permanent : 
it  is  then  called  a  scotoma.  With  the 
greatest  degrees  of  intensity  the 
scotoma  is  associated  at  a  later  date 
with  anatomical  changes  in  the  retina, 
pigmentation  in  the  macular  region, 
and  so  on,  a  condition  seen  typically 
in  cases  of  visual  defect  after  observing 
eclipses  of  the  sun  with  unprotected  eyes. 
Prolonged  exposure  to  bright  light  in 
the  tropics  and  at  sea  is  not  infrequently 
followed  by  night  blindness.  These 
cases  are  of  particular  interest,  since 
they  show  in  a  marked  degree  the 
effects  of  retinal  exhaustion.  It  was 
shown  long  ago  that  in  them  if  one 
eye  is  bandaged  and  thus  protected 
from  light  during  the  day  the  night 


blindness  is  warded  off.  It  is  almost 
certain  that  the  retinal  exhaustion  in 
these  cases  is  due  primarily  to  bleach- 
ing of  the  visual  purple,  which  is  not 
restored  with  the  usual  rapidity.  In 
some  cases  of  this  kind  malnutrition 
plays  a  part,  but  others  occur  without 
this  factor.  Night  blindness  has  been 
known  to  follow  a  long  motor  drive 
facing  the  sun,  which  was  near  the 
horizon  and  consequently  shining 
directly  into  the  driver's  eyes. 

Now  these  changes  in  the  retinal 
purple  are  chemical  in  character,  and 
might  be  expected  to  be  most 
readily  induced  by  the  most  actinic 
rays  of  the  spectrum,  viz.,  the  ultra- 
violet rays.  These  are  known  to  be 
responsible  for  so-called  "snow-blind- 
ness," but  this  is  a  superficial  in- 
flammation of  the  mucous  membrane 
covering  the  eye  and  is  of  a  completely 
different  character. 

Time  will  not  permit  me  to  enlarge 
upon  the  topic  further,  but  I  cannot 
close  without  expressing  the  hope  that 
the  consideration  of  this  highly  com- 
plex subject  may  result  not  only  in  a 
good  debate — that  is  a  foregone  con- 
clusion in  the  presence  of  so  many 
distinguished  authorities  on  light  and 
its  uses — but,  what  is  far  more  im- 
portant, in  the  stimulation  to  experi- 
mental research. 


Discussion. 


Dr.  Edridge-Green  said  that  the 
subject  bristled  with  difficulties  and 
openings  for  future  work.  Glare  to  one 
person  was  not  so  to  another.  In  each 
particular  case  the  eye  was  more  sensi- 
tive to  certain  lights  than  to  others. 
In  his  own  case,  the  mercury  light  was 
intensely  disagreeable  and  yet  there 
were  men  who  worked  with  it  in  the 
greatest  comfort.  He  had  examined 
such  men  and  had  found  in  each  case 
a  considerable  shortening  of  the  violet 
end  of  the  spectrum.  His  own  violet 
end  of  the  spectrum  was  considerably 
longer  than  that  of  most  people.  He 


could  see  in  the  violet  region  a  distinct 
light  when  the  majority  of  people 
said  it  was  absolutely  dark.  He  had 
had  a  very  good  opportunity  of  testing 
this  at  the  National  Physical  Labora- 
tory a  week  or  two  ago  against  those 
who  were  working  at  photometry,  and 
who  would  therefore  recognise  the 
faintest  trace  of  light  ;  but  none  there 
saw  as  far  up  into  the  ultra-violet  region 
as  he  did. 

It  was  the  same  with  the  red  end 
of  the  spectrum.  In  this  connection 
there  were  two  important  factors  to 
be  taken  into  consideration,  viz.,  the 
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intensity  and  the  wave-lengths  of 
the  light.  In  his  OAvn  case  there  was  a 
glare  with  a  light  that  most  people 
found  quite  comfortable.  This  was 
probably,  with  the  mercury  light,  due 
to  excessive  photo-chemical  decom- 
position in  his  eyes.  He  regarded  the 
visual  purple  as  the  sole  visual  sub- 
stance ;  there  might  be  a  number  of 
other  substances,  but  he  had  not  been 
able  to  find  the  slightest  evidence  of 
them  and  he  saw  no  necessity  for  them. 
The  visual  purple  was  a  substance 
which  could  be  split  up  into  innumerable 
other  substances,  so  that  there  was  a 
still  closer  relation  to  photography, 
and  they  could  follow  his  explanations 
more  minutely  if  they  regarded  the 
sensitive  layer  of  the  retina  as  corre- 
sponding to  the  sensitive  plate  of  the 
camera.  This  sensitive  layer  of  the 
retina  was  a  thin  layer  of  fluid  which 
was  defined  on  both  sides  by  a  mem- 
brane and  the  nerve  endings  were 
dipped  in  this.  It  could  then  be  easily 
understood  that  when  light  fell  on  the 
eye  it  would  decompose  this  fluid 
photo-chemically,  thereby  sending  an 
impulse  to  the  brain.  The  yellow  spot 
of  the  retina  was  so  called  because  of  the 
yellow  pigment  which  was  found  in  it. 
This  latter  had  exactly  the  same  effect 
as  the  yellow  glass  in  photography. 
This  had  been  found  out  by  natives  in 
India  who  used  golden  yellow  glasses 
in  order  to  hunt  later  in  the  evening, 
and  thus  get  definition  which  they  other- 
wise would  not. 

Another  point  which  should  be 
taken  into  consideration  was  the 
power  of  light  and  dark  adaptation 
of  the  retina.  One  person  became  very 
easily  adapted  to  a  bright  light  ; 
another  person  had  a  very  slow  adapta- 
tion, either  one  way  or  the  other. 
One  was  slow  to  dark  adaptation  and 
the  other  to  light.  In  the  case  of 
albinos,  the  visual  purple  was  present. 
One  very  difficult  thing  to  tell  with  any 
light  by  mere  ocular  inspection,  was 
the  amount  of  candle-power.  A  light 
whicli  was  thouglit  to  be  very  bright 
might  be  found  to  be  comparatively 
fcchle  on  measuring  it,  and  another 
Ji^^hi  w'Wh'M  was  (juite  comfortable 
might  bo  found  to  be  considerable  on 
being  measured.    A  frog  was  a  good 


example  of  an  animal  that  did  not  suffer 
from  glare.  It  could  stare  directly  at 
the  sun  without  apparently  the  least 
discomfort  or  even  blinking. 

Any  light  which  produced  photo- 
chemical action  in  excess  of  that 
required  by  the  eye,  in  its  particular 
state  of  light  or  dark-adaptation,  pro- 
duced glare.  We  might  be  sitting 
in  an  admirably  lighted  room  reading 
with  the  greatest  comfort  ;  but  on 
leaving  this  room  and  going  to  a  cellar 
for  a  quarter  of  an  hour  we  should  suffer 
badly  from  glare  on  returning  to  the 
room  until  the  eyes  again  became 
accustomed  to  the  brighter  light. 

Dr.  F.  Gans  pointed  out  that  snow- 
blindness  is  one  of  the  remarkable 
effects  of  glare,  and  referred  to  the 
account  of  Lieut.  Sir  Ernest  Shackle- 
ton's  Anctarctic  expedition,  in  which 
the  explorer  very  accurately  describes 
snow-blindness.  If  asked  what  snow- 
blindness  was  he  should  reply  that  it 
was  the  effect  of  the  "  glare "  of 
the  snow  or,  in  other  words,  the 
reflection  of  the  sunlight  from  the 
snow.  The  same  thing  occurred  in 
the  Alps  on  the  glaciers,  or  big  snow- 
fields,  or  desert,  when  the  term  snow- 
blindness  would  be  a  misnomer.  This 
"  snow-blindness  "  was  an  irritation  of 
the  mucous  membrane  of  the  eye,  or 
it  might  be  an  inflammation  of  the 
iris  ;  in  the  more  severe  cases  there 
were  symptoms  of  sesthenopia  and 
retinal  and  optic  nerve  disease.  A 
similar  effect  was  produced  by  looking 
into  an  electric  furnace. 

The  question  of  what  was  the  cause 
of  snow-blindness  was  still  unsettled, 
although  the  majority  of  physiologists 
were  inclined  to  believe  that  it  was 
caused  by  the  ultra-violet  rays.  Lieut. 
Sir  Ernest  Shackleton  stated  that  snow- 
blindness  could  be  prevented  by  wear- 
ing goggles  made  of  a  mixture  of  red 
and  green  glass,  this  giving  a  yellowish 
grey  shade,  cutting  off  the  ultra-violet 
rays  similar  to  Schanz  and  Stockhausen's 
"  Euphos  "  glass.  But  the  use  of  such 
glass  also  had  the  effect  of  reducing  the 
amount  of  light,  and  therefore  it  was 
not  an  a])S()lute  proof  tliat  snow- 
blindness  was  prevented  by  the  shutting 
out  of  the  ultra-violet  rays. 
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Dr.  Best  in  Dresden,  moreover,  had 
made  the  experiments  of  looking 
through  an  ultra-violet  glass  straight  at 
the  glaring  sun,  when  not  covered  with 
clouds.  He  did  this  for  ten  minutes 
without  any  detrimental  effects  upon 
his  eyes.  This  seemed  to  show  that 
the  ultra-violet  rays  played  only  a 
very  subordinate  role  as  a  cause  of  the 
evil  effects  of  glare,  though  some 
degree  of  inflammation  might  be  pro- 
duced by  light  of  this  nature. 

Dr.  J.  Kerr,  Medical  Officer  to  the 
Education  Department  of  the  London 
County  Council,  said  his  experience 
had  taught  him  that  glare  must  be 
separated  up  into  several  different 
factors.  He  noticed  that  individuals 
suffered  from  snow-blindness  in  very 
different  ways.  People  did  not  seem 
to  notice  the  glare  on  the  snow  as 
much  as  they  did  on  the  ice.  Pro- 
bably snow- blindness  was  mixed  up 
with  two  things  ;  partly  glare  and 
partly  superficial  irritation  which 
caused  conjunctivitis,  and  considerable 
secretion  about  the  margins  of  the 
lids  of  the  eyes.  He  thought  that 
snow-blindness  might  be  left  out  for 
the  present. 

When  they  looked  into  what  glare 
was,  they  found  two  things.  There 
was  the  glare  in  connexion  with  artificial 
illumination,  be  it  incandescent  gas  or 
electricity.  This  was  due  purely  to 
the  intensity  of  the  illuminating  surface, 
which  might  be  quite  small  in  area. 

Then  there  was  the  glare  which 
occurred  from  windows,  for  instance 
from  windows  fitted  with  fluted  glass 
in  schools  ;  also  from  prismatic  glass 
which  was  badly  set,  where  there  was 
fairly  strong  incident  light,  nearly 
horizontal  coming  on  to  the  children. 
This  gave  a  troublesome  glare.  In  one 
school  house  set  on  a  hill  with  a  western 

1  window,  the  glare  in  the  afternoon, 
when  the  sun  was  not  shining  brightly 
was  very  considerable  ;    so  much  so 

\  that  the  acuity  of  the  children's  vision 
in  the  afternoon  was  different  to  that 
at  any  other  time  of  the  day,  simply 
from  fatigue. 

Finally,  there  was  the  glare  from 
the  surface  of  the  books  and  from  the 
ink.    The  latter  might  be  remedied  to 


some  extent  by  using  a  different 
coloured  ink  giving  a  somewhat  matt 
surface. 

When  it  was  remembered  that  the 
effect  upon  different  individuals  varied 
so  much,  they  must  come  to  the  con- 
clusion that  glare  was  essentially  func- 
tional under  certain  conditions.  Glare 
had  something  to  do  with  adaptation 
of  the  eye,  and  it  meant  stimulation  of 
the  peripheral  surface  of  the  retina 
which  did  not  correspond  with  the 
adaptation  for  the  illumination  at  the 
macula.  The  eye  was  adapted  more 
or  less  for  the  central  retina,  and  the 
periphery  was  stimulated  to  a  different 
extent  ;  there  was  no  correspondence 
between  the  two,  and  there  was  some 
kind  of  functional  effect.  This  was/ 
theoretically  a  glare,  but  different  to 
the  glare  of  a  highly  illuminated  surface. 
The  protective  mechanism  under  ordin- 
ary glare,  was  probably  due  to  the  efforts 
of  the  eye  to  accomodate  or  adapt 
itself,  and  the  fact  that  we  did  not 
experience  glare  from  the  sky  under 
ordinary  circumstances  might  be  ex- 
plained in  the  same  way.  The  lower 
half  of  the  retina  had  been  psed  to,  and 
was  accomodated  to  the  fact  that  the 
sky  was  brightly  illuminated,  whereas 
the  foreground  was  not  ;  for  this 
reason  the  effect  of  glare  was  at  once 
felt  if  one  lay  upon  one's  back  and 
looked  at  the  bright  sky.  The  upper 
part  of  the  protective  coverings  of  the 
eye  to  a  certain  extent  shaded  out  the 
sky,  and  when  taking  these  things 
into  consideration,  there  must  be  two 
factors  quite  apart  from  the  other  ques- 
tions of  colour.  These  suggested  that 
for  comparatively  low  intensities  with 
big  areas  of  the  periphery  of  the  retina 
stimulated,  there  was  some  functional 
attempt  at  adjustment  in  the  eye  which 
caused  a  strain  of  some  kind  or  other. 
For  high  intensities,  and  possibly  small 
patches  of  retinal  stimulation  not 
necessarily  peripheral,  such  as  a  glow 
lamp,  there  was  an  actual  plwsiological 
change  taking  place  in  the  retina  which 
if  maintained,  led  to  destruction  by 
actual  burning  out,  as  in  the  study  of 
solar  eclipses.  There  were  also  subsi- 
diary factors  such  as  colour  and  wave 
length  which  came  in  more  in  this 
burning  out  effect  than  in  the  glare 
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from  illuminated  windows  and  from 
printed  books  and  so  on. 

Dr.  W.  Ettles  said  that  in  his  opinion 
the  side  issues  had  been  too  prominently 
dealt  with.  We  should  address  ourselves 
to  the  problem  "  what  happens  when 
a  person  is  said  to  be  blinded — by  the 
glare  of  a  searchlight  for  instance  ?  " 

The  predominant  part  seemed  to  him 
to  be  played  by  the  intraocular  dioptric 
surfaces.  Thus  in  an  ordinary  bicon- 
vex lens  we  not  only  had  the  main 
beam  passing  to  its  focus,  but  also 
reflections  from  the  surfaces  giving 
rise  to  real  and  virtual  images ;  and  we 
had  rays  traversing  the  lens  having 
undergone  two  internal  reflections,  and 
which  could  be  intercepted  by  a  screen 
so  as  to  obtain  a  second  image  of  the 
luminous  object. 

In  the  human  eye,  light  was  not  only 
refracted  by  cornea  and  lens  on  to  the 
retina  for  the  production  of  the  retinal 
image,  but  there  were  several  sets  of 
subsidiary  intersections.  We  had  the 
minute  real  image  of  the  object  as 
seen  in  the  anterior  surface  of  the 
cornea,  the  larger  one  of  the  anterior 
surface  of  the  lens,  and  a  third  small 
bright  and  inverted  image  from  the  pos- 
terior surface  of  the  lens.  Thus  we  could 
see  that  these  three  refracting  surfaces 
not  only  formed  the  main  image  but 
that  they  used  up  some  of  the  light  as 
reflectors.  There  were  yet  two  more 
internal  reflections,  and  it  was  these  two 
which  are  the  cause  of  glare.  One  of 
them  we  were  familiar  with  in  physiology 
when  we  studied  the  sixth  image  of 
Purkinje  by  moving  a  candle  held  at  the 
temple  up  and  down.  The  lateral  light 
was  reflected  by  the  cornea  on  to  the 
retina,  and  we  could  see  entoptically  the 
retinal  vessels  projected  on  the  wall. 
This  showed  that  light  reflected  by  the 
cornea  back  into  the  eye  was  readily 
visible.  In  glare,  then,  we  had  light 
reflected  from  the  anterior  and  posterior 
surfac(!K  of  the  crystalline  lens  on  to  the 
anterior  surface  of  the  cornea  from 
whence  it  was  again  reflected  throiigli  the 
lens  to  th(5  retina.  TIk^  intersection  of  the 
syst(;m  was  n(!ar  tlie  nodal  point  of  the 
eye  and  as  its  angular  aperture  was  very 
great,  we  had  a  wide  cone  or  brush  of 
light  diffusing  itself  all  over  the  retina. 


Ordinarily  this  light  was  invisible,  being 
only  P^i't  of  the  total  incident 

light,  but  when  the  entering  light 
was  powerful  these  internal  reflections 
became  very  pronounced  and  drowned 
our  sense  of  vision  to  feebly  luminous 
objects.  The  anterior  surface  of 
the  cornea  was  the  mirror  area. 
The  refractive  difference  between 
cornea  and  aqueous  humour  was  practi- 
cally nothing,  but  there  was  a  marked 
difference  of  index  between  cornea  and 
air.  This  explanation  of  glare  was  borne 
out  in  the  case  of  old  people.  The 
senile  lens  increased  in  refractive  index 
so  that  these  internal  reflections  became 
much  stronger.  No  doubt  that  partly 
explained  the  small  pupils  of  old  age, 
and  why  these  persons  were  so  given  to 
shading  their  eyes  from  a  direct  source 
of  light. 

It  seemed  to  be  a  general  impression- 
that  the  estimation  of  effect  of  submit 
ting  eyes  to  too  powerful  a  light  was 
one  demanding  complex  apparatus. 
That  was  not  really  so.  We  could 
estimate  the  degree  of  acquired  night 
blindness,  for  example,  by  turning 
down  the  gas  until  the  lowest  line  of 
the  test  types  was  just  visible  to  our 
comparatively  unexhausted  eye.  The 
visual  acuity  of  the  patient  would  then 
give  us  a  fraction  indicating  his  loss  of 
vision  under  like  illumination.  Another 
very  simple  way  was  to  view  a  lumin- 
ous source  through  crossed  Nicols  and 
ascertain  how  much  turning  was  needed 
to  evoke  a  luminous  sense.  Yet  again, 
we  might  use  a  prism  of  smoke  or  black 
glass,  neutralised  by  a  prism,  base  to 
apex,  of  white  glass.  Such  an  arrange- 
ment passed  before  the  pupil  would 
give  us  a  gradation  of  luminosity. 

Dr.  T.  M.  Legge,  H.M.  Medical 
Inspector  of  Factories,  said  that  Dr. 
Parsons  was  well  known  to  him  as  a 
member  of  a  Committee  of  the  Royal 
kSociety  which  was  now  sitting  to 
investigate  the  subject  of  glass  workers' 
cataract. 

In  a  recent  incpiiry  that  he  had  made 
into  the  subject  of  glass  -  workers' 
cataract  what  impressed  him  more  than 
anything  else  was  the  fact  that  it  did 
not  matter  whether  the  glass  worker 
was  exposed  to  the  white  heat  of  the 
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melting  furnace  or  the  dull  red  glare  of 
the  annealing  furnace,  the  effect  on  his 
lens  in  producing  a  posterior  cortical 
cataract  appeared  to  be  the  same 
when  he  made  a  number  of  control 
observations  among  the  staff  at  Wool- 
wich Arsenal,  only  two  persons  had 
anything  of  a  similar  nature,  one  of 
whom  was  a  man  also  employed  in 
working  at  a  furnace  where  there  was 
a  dull  red  glare.  He  had  thought 
that  Dr  Parsons  would  have  been 
able  to  give  some  more  instances  of  the 
effects  of  glare  similar  to  that,  and  also 
as  to  means  of  prevention,  because  it 
seemed  so  very  difficult  to  say  what 
was  the  cause.  The  heat  was  great, 
but  it  did  not  seem  to  be  the  heat  ; 
was  it  the  light  ?  if  so,  from  rays 
of  what  w^ave  length  ? 

In  conclusion  Dr.  Legge  referred 
to  query  No.  9.  This  contained  a 
reference  to  the  question  of  the  bril- 
liancy of  advertising  signs,  which  was 
one  of  good  taste  or  bad  taste  according 
to  the  individual.  If,  as  he  hoped, 
the  members  of  the  Society  were 
convinced  that  it  was  bad,  then  he 
hoped  there  would  be  no  compromise. 

The  President  announced  that  owing 
to  the  lateness  of  the  hour,  the  dis- 
cussion would  have  to  be  adjourned. 

He  thought  they  w^ould  all  thank 
Dr.  Parsons  for  having  put  the  matter 
before  them  in  so  lucid  a  manner. 
Also  they  w^ould  thank  those  who  had 
taken  part  in  the  discussion.  He  felt 
he  had  learned  a  good  deal.  One 
extremely  interesting  thing  fell  from 
Dr.  Parsons,  upon  the  automatic  action 
of  the  eye.  The  closing  of  the  pupil 
was  due.  Dr.  Parsons  suggested,  not 
only  to  the  light  that  actually  entered 


the  eye,  but  also  to  the  light  that  struck 
on  the  corner  and  on  the  iris  itself. 
He  should  like  to  have  an  experiment 
made  to  demonstrate  this.  The  infor- 
mation they  had  had  about  the  glass 
workers'  cataract  was  very  suggestive, 
although  it  might  not  be  a  thing  that 
any  or  many  of  them  would  have  to 
investigate. 

After  all,  he  was  afraid  they  had  not 
yet  reached  the  stage  of  framing  a 
precise  definition  of  glare.  He  had 
taken  down  some  half  dozen  different 
suggested  definitions  from  different 
speakers,  but  none  of  them  agreed. 
One  of  the  simplest  was  that  put  forward 
by  Dr.  Ettles,  who  dismissed  it  sum- 
marily by  saying  it  was  excess  of  light 
beyond  the  needs  of  the  situation.  He 
did  not  agree  with  that  either,  because 
he  was  quite  sure  that  there  w^ere 
certain  glow-lamps  in  his  house  which 
gave  him  a  very  unpleasant  glare  if 
he  looked  at  them  at  night,  whereas 
he  could  look  at  them,  illuminated  in 
exactly  the  same  way,  in  the  daytime, 
and  they  did  not  give  him  a  sensation 
of  glare  at  all.  Obviously  this  was 
not  excess  of  light  beyond  the  needs  of 
the  situation.  We  had  got  to  get  a 
little  further  than  even  that  very 
attractive  definition.  He  hoped  that 
in  the  subsequent  discussion  they  would 
be  able  to  arrive  at  some  consensus  of 
opinion  as  to  what  they  meant  by  that 
simple  word  "  glare."  If  they  got  no 
further  than  this  on  the  next  occasion, 
than  a  consensus  of  opinion  as  to  how 
they  should  use  the  word,  and  to  dis- 
tinguish between  different  kinds  of 
glare,  and  the  different  things  that 
contributed  to  cause  glare,  a  good 
piece  of  work  would  have  been  done. 


Dr.  W.  M.  Bayliss,  F.R.S.,  London 
{communicnted) . — 1 .  A  "  glaring ' '  system 
of  illumination  may,  from  the  physio- 
logical standpoint,  be  regarded  as  one 
in  which  the  light  emitted  per  unit 
area  of  the  illuminant  is  too  great,  so 
that  the  image  formed  on  the  retina 
produces  a  painfully  inte^se  stimulus. 


3.  It  is  desirable  that  such  sources 
should  be  so  placed  that  images  of  them 
cannot  be  formed  on  the  retina. 

4.  Requires  detailed  investigation  by 
experiment.  It  appears  that  glare  is 
more  acute  when  varying  in  intensity, 
since  the  contraction  of  the  pupil  is  more 
or  less  ineffective  in  such  a  case. 
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5.  I  do  not  think  that  the  size  of  the 
pupil  could  be  so  used.  It  would  not 
sufficiently  distinguish  between  an  in- 
tense local  illumination  of  the  retina 
and  a  more  general  but  less  brilliant 
one. 

7.  There  seems  to  be  evidence  that 
ultra-violet  light  is  more  injurious,  but 
it  is  no  doubt  to  some  degree  a  question 
of  whether  rays  of  a  particular  wave- 
length are  absorbed  or  not. 

8.  I  think  the  electric  arc  has  an 
undesirably  high  intrinsic  brilliancy 
for  street  -  lighting  ;  the  same  total 
illumination  distributed  by  a  larger 
number  of  small  units  would  be  much 
better,  though  probably  more  expen- 
sive. 

In  general,  it  appears  to  me  that  even 
metallic  filament  incandescent  lamps 
have  too  high  an  intrinsic  brilliancy  to 
be  placed  in  the  direct  range  of  vision ; 
they  should  therefore  always  be  used 
so  that  no  actual  image  of  the  filament 
is  formed  on  the  retina. 


Mr.  P.  J.  Waldram,  London  {com- 
municated).— May  I  draw  attention  to 
the  significant  but  seldom  recognized 
difference  between  the  sensibility  of 
the  human  eye  in  the  presence  of  (a) 
diffused  daylight  and  (6)  any  form  of 
artificial  illumination. 

I  have  been  at  some  pains  to  take  a 
large  number  of  measurements  of  sky 
brightness  in  London,  and  the  results 
agree  very  well  with  the  exhaustive 
records  taken  by  Dr.  Basquin  in  Chicago, 
and  extending  over  a  period  of  two 
years.  {Vide  Illuminating  Engineer  of 
New  York,  December,  1906,  and 
January  and  February,  1907.)  At  an 
hour  after  sunrise  in  summer  the 
illumination  which  falls  upon  a  piece  of 
paper  with  an  unrestricted  horizon 
may  be  taken  to  be  about  1,000  foot- 
candles  ;  whilst  at  noon  it  will  run  up 
to  8,000  or  9,000  foot-candles. 

The  average  room  enjoys  a  mean 
illumination  of  about  lioo^h  of 
the  unrestricted  outside  light,  but  so 
perfect  is  the  adaptability  of  the  eye  to 
natural  illumination  that  we  can  walk 
without  injury  from  an  illumination  of, 


say,  8  foot-candles  indoors  to  an  illumin- 
ation of  8,000  foot-candles  outdoors. 
That  is  from  one  position  where  a  photo- 
graphic plate  requires  3  or  4  minutes' 
exposure  to  another  position  in  which  it 
requires  |th  second — a  difference  of 
1,000  to  1. 

A  summer  sky  with  white  clouds 
would  possess  a  luminous  intensity  of, 
say,  1,500  candles  per  square  foot,  or 
say  10  candles  per  square  inch.  Such 
an  intensity  of  sky-luminosity  is  not 
fatiguing  to  the  eye,  nor  would  it  be  so 
in  the  case  of  artificial  light.  For 
example,  a  20  candle-power  incan- 
descent mantle  presenting  2  square 
inches  of  surface  would  not  be  unduly 
dazzling. 

But  when  the  respective  illumina- 
tions are  considered,  it  will  be  found  that 
whilst  the  eye  will  adjust  itself  to  and 
tolerate  enormous  differences  of 
diffused  daylight,  it  will  speedily 
resent  artificial  illuminations  outside  of 
a  very  restricted  range. 

It  may  permit  a  range  of,  say,  J  to  3 
or  3J  foot-candles,  but  an  intensity  of 
illumination  above  4  foot-candles  is 
soon  felt  to  be  disagreeable.  An  illu- 
mination on  printed  paper  of  100 
foot-candles  from  a  lamp  is  blinding, 
but  the  same  illumination  when  received 
from  the  sky  is  a  mere  nothing.  I 
would  suggest  that  the  reason  why 
nearly  all  schemes  of  artificial  illumina- 
tion of  over  6  foot-candles  on  the 
object  illuminated  produce  the  optical 
sensation  known  as  "  glare  "  is  the 
impossibility  of  securing  in  rooms  any- 
thing like  the  enormous  diffusion-area 
of  the  earth's  atmosphere. 

But  there  is  no  reason  why  we 
should  make  things  worse  than  they 
are,  and  as  a  practical  conclusion  I 
would  suggest  that  all  shades  and 
globes  which,  for  purposes  of  economy, 
concentrate  artificial  fight  rays  by  re- 
ducing their  angular  divergence  are 
harmful,  that  their  divergence  should 
be  increased  in  every  possible  way,  and 
that  economy  should  be  sought  for  in 
clean  white  ceilings,  deep  white  cornices 
and  friezes,  and  in  walls  coloured  only 
in  those  tints  which  reflect  most  light 
and  which  absorb  least. 
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(Pounded  in  London,  1909.) 

Glare,  its  Causes  and  Effects. 

{Continued.) 
CommunicatioDS  from  Corresponding  Members. 


Dr.  K^l  Stockhausen  (Dresden) 

(We  are  only  able  to  publish  a  portion  of  T)r.  Stock- 
hausen's  valuable  and  exhaustive  communication  to  the 
discussion  on  this  subject  in  the  present  number  and 
reserve  the  remainder  for  our  next;  on  this  occasion  we 
have  selected  some  of  those  portions  which  deal  most 
directly  with  the  physiological  aspects  of  the  subjects 
(Queries  1,  4,  and  5)  which  formed  the  subject  of  dis- 
cussion at  the  last  meeting  of  the  Society  on  Jan.  llih, 
1910.) 

For  a  series  of  years  I  have  undertal^en 
researches  dealing  with  the  subject  of 
"  glare,"  which,  however,  owing  to 
lack  of  time  and  other  causes,  are  still 
in  some  respects  incomplete,  and  have 
not  previously  been  published.  More 
recently  Dr.  Schanz  (who  is  an  oculist 
in  Dresden)  and  myself  have  carried 
these  researches  further,  and  devoted 
special  attention  to  its  bearings  from 
the  physiologist's  and  oculist's  stand 
point. 

It  was,  therefore,  naturally  with 
great  pleasure  that  I  availed  my- 
self of  the  invitation  of  the  Illu- 
minating Engineering  Society  to  take 
part  in  this  exceedingly  interesting 
discussion.  I  consider  it  of  the  utmost 
importance  that  these  questions  of 
illumination  should  be  considered  not 
only  from  the  purely  technical  or 
"  engineering  "  standpoint  {e.g.  on  the 
basis  of  efficiency,  conditions  favouring 
the  best  practical  distribution  of  light, 
&c.),  but  also  from  the  hygienic  and 
physiological  aspect. 

As  I  understand  that  no  restriction 
has  been  placed  on  the  information 
desired  from  an  individual  contributor, 
I  hope  that  the  length  of  certain  sections 
of  my  reply — notably  on  Query  3 — 
will  be  pardoned  in  consideration  of  the 
extremely  exhaustive  nature  of  the 
ground  to  be  covered,  and  the  desira- 
bility of  a  review  of  a  more  or  less  com- 
plete character  dealing  with  many  of 
these  effects. 

Query  1.  In  answering  the  question 

What,  exactly,  is  understood  by  a 
glaring  system  of  illumination  ?  "  we 


must  first  form  an  exact  conception  of 
the  nature  of  the  physiological  pro- 
cesses which  give  rise  to  this  impression 
of  glare.  This  sensation  arises  in  the 
retina  of  the  eye.  It  manifests  itself, 
subjectively,  as  a  stimulus  given  to  the 
retina  and,  objectively,  as  the  action 
of  certain  rays  entering  the  eye  from 
outside  whose  action  is  dependent 
on  their  intensity,  composition,  &c. 
In  judging  this  effect  therefore,  we 
must  remember  that  we  are  dealing 
with  a  subjective  phenomenon,  which, 
like  all  measurements  involving  light- 
intensity,  must  vary  somewhat  in  the 
case  of  different  individuals. 

This  is  not  the  place  to  enter  too  fully 
into  details  regarding  the  physiological 
action  of  light  and  the  part  played  by  it 
in  causing  the  secretion  and  wandering 
of  the  pigments  in  the  retina.  We  are, 
however,  very  directly  concerned  with 
its  action  on  the  visual  purple,  which, 
we  know,  is  bleached  and  photo- 
chemically  altered  by  the  action  of  light. 
This  visual  purple  is  "  used  up  "  in 
such  a  process,  and  we  have  what  is 
called  a  "  Dissimilative  action." 

By  this  process  the  visual  purple  is 
transformed  into  a  new  chemical  sub- 
stance which  itself  stimulates  the  light 
perceiving  organs.  These  organs,  in 
turn,  convey  the  stimulus  to  the  centres 
of  light  and  colour  perception  where 
the  analysis  of  the  sensation,  as  regards 
colour  and  intensity,  takes  place. 

Now,  since  the  act  of  vision  is 
directly  dependent  on  the  visual  purple, 
there  must  be  in  the  eye  provision  for 
the  rebuilding  up  of  just  as  much  of 
this  substance  as  is  changed  by  the 
effect  of  light.  The  more  powerful, 
therefore,  the  stimulus  applied  (i.e.,  the 
more  rapid  the  process  of  dissimilation 
to  which  the  eye  is  subjected),  the  more 
powerful  also  must  be  the  subsequent 
process  of  "assimilation"  by  which 
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the  visual  purple  is  built  up  again. 
In  the  same  way  the  less  of  the  mate- 
rial used  up,  the  smaller  the  amount 
which  this  assimilative  action  is  called 
upon  to  produce.  The  process  which 
thus  enables  the  eye  to  restore  the  used- 
up  visual  substance,  is  termed  "  Adap- 
tation." 

The  eye  can  only  adapt  itself  to  a 
certain  intensity  of  light  for  the  power 
of  secretion  located  in  the  pigment- 
layer  is  strictly  limited.  When  the 
inte7isity  of  light  exceeds  a  certain 
margin,  a  corresponding  production  of 
visual  material  is  no  longer  possible, 
the  rate  of  using  up  being  con- 
tinuously more  rapid  than  the  rate  of 
restoration. 

This  point  we  term  the  "  Upper  limit 
of  adaptation  "  or  the  upper  "  Stimulus 
threshold."  There  is  also  a  lower  limit 
of  the  same  kind,  when  the  flux  of 
light  received  by  the  eye  is  too  small 
to  use  up  enough  material  to  give  rise 
to  the  sensation  of  vision.  The  range 
between  these  two  extreme  limits  is 
termed  "  the  range  of  adaptation,"  in 
consequence  of  which  a  certain  definite 
relation  between  light-intensity  and 
acuteness  of  vision  exists. 

When  the  upper  adaptation-limit  is 
exceeded  the  normal  functions  of  the 
eye  are  disturbed,  the  formation  of 
active  material  can  no  longer  keep  pace 
with  the  stimulus,  and  the  eye  is 
"  dazzled  "  or  fatigued.  This  degree 
of  "  dazzle  "  or  glare  may  be  termed 
"  absolute  "  when  the  upper  limit  is 
exceeded,  and  is  then  in  a  sense  per- 
manent, because  adaptation  is  unable 
to  meet  the  conditions  imposed  on  it. 
The  dazzle  which  arises  from  a  sudden 
increase  in  the  light  entering  the  eye, 
which  is  nevertheless  within  the  limits 
indicated  above,  is,  however,  only 
"  relative,"  because  the  abnormal  con- 
ditions responsible  for  the  sensation 
can  be  and  are  eventually  remedied 
by  the  influence  of  adaptation. 

In  order  to  explain  completely  the 
processes  connected  with  glare,  how- 
ever, there  is  yet  another  important 
factor  to  be  borne  in  mind,  namely 
the  wandering  of  the  retinal  pigment 
When  tlie  retina  is  iHuminated  this 
pigment  (ii.H^rgcH  from  the  cells  at  the 
back  of  tlic  fctina,  and  forms  a  light- 


absorbing  covering  over  the  rods  and 
cones  which  meanwhile  retract  and 
shorten.  In  this  way  the  organs  of 
vision  are  protected  against  too  rapid 
dissimilation — until  the  forward  move- 
ment of  the  pigment  is  complete.  In 
the  darkness  the  pigment  wanders 
back  to  the  outer  region  of  the  retina, 
though  this  movement  is  relatively  less 
rapid  than  its  previous  advance  during 
the  period  of  illumination. 

There  is  also  another  subjective 
symptom  relating  to  the  sensation  of 
dazzle  to  be  considered,  namely  the 
actual  feeling  of  pain  arising  from 
a  too  intense  light.  This  probably 
is  due  to  the  fact  that  when  the  point 
of  maximum  consumption  of  visual 
material  is  reached,  a  number  of  by- 
products, such  as  carbon  dioxide,  are 
produced,  arid,  for  the  time  being, 
collect  near  the  ciliary  nerves.  Only 
when,  in  consequence  of  the  prolonged 
exposure  to  a  powerful  light,  an  in- 
creased flow  of  secretion  has  taken  place, 
can  these  accumulated  products  be 
dispersed.  The  painful  feeling  may 
also  consist  in  a  manifestation  of  the 
process  of  severe  adaptation,  and  may 
therefore  naturally  be  expected  to  vary 
in  the  case  of  different  individuals. 

All  these  processes  take  place  almost 
uniformly  over  the  portion  of  the 
retina  affected  by  light  when  the  eye 
is  directed  towards  an  extensive  and 
uniformly  strongly  illuminated  surface 
{e.g.,  the  sky,  brightly  illuminated  walls 
of  an  interior,  &c.).  When,  however, 
there  are  introduced  into  the  field  of 
view  surfaces  of  brilliancy  far  exceeding 
their  surroundings  (for  example,  bright 
flames,  incandescent  filaments  and 
mantles,  &c.),  a  specially  complete 
exhaustion  of  the  visual  substance 
takes  place  in  the  neighbourhood  of  the 
relatively  small  area  covered  by  the 
luminous  image,  and  the  upper  limit 
of  adaptation  may  be  suddenly  reached 
in  this  locality.  In  this  case  we 
experience  the  painful  sensation  cha- 
racteristic of  glare,  and  the  using  up 
of  the  visual  substance  is  illustrated 
by  the  formation  of  a  negative  "  after- 
image." 

HesidoK  the  visible  light,  the  in- 
visible ultra-violet  rays  between  400 
and  375/x/x,  which  are  able  to  penetrate 
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to  the  retina,  may  contribute  to  the 
sensation  of  glare.  They  are  also 
responsible  for  a  secondary  effect  owing 
to  the  fact  that  they  excite  fluorescence 
of  the  eye-lens,  a  phenomenon  the 
significance  of  which,  in  causing  glare, 
has  only  recently  been  pointed  out. 
This  fluorescence  is  also  a  source  of 
stimulation  to  the  retina,  giving  rise 
to  a  general  impression  of  brightness 
which  appreciably  affects  the  apparent 
"  sharpness  "  of  the  retinal  image  ;  in 
this  respect  it  is  analogous  to  the  action 
of  stray  light  in  fogging  a  photographic 
plate.  But  the  fluorescence,  besides 
fogging  the  retinal  image,  undoubtedly 
also  causes  fatigue  by  rapidly  exhaust- 
ing the  visual  material  in  the  retina. 
As  an  illustration  of  this  effect  the 
author  and  Dr.  Schanz  have  demon- 
strated that  violent  reflex  actions  of 
the  pupil-aperture  and  movements  of 
the  eye-lids  can  be  produced  under 
these  conditions.  Moreover,  every  one 
has  experienced  the  improvement  in 
the  "  sharpness  "  of  the  visual  image 
when  the  eyes  are  screened  by  the  hand 
from  light  entering  sideways,  direct 
from  the  source  of  light.  Reflected 
and  "  indirect  "  rays  are  almost  in- 
variably less  rich  in  ultra-violet  light 
than  those  coming  straight  from  the 
source.  By  the  withdrawal  of  these 
rays,  therefore,  the  fluorescence  effect, 
and  the  fogging  of  the  retinal  image, 
are  considerably  reduced. 

This  somewhat  prolonged  explana- 
tion on  the  physiological  effect  of  light 
on  the  eye  has  been  rendered  necessary 
by  the  fact  that,  in  my  opinion,  it  is 
to  the  physiological  aspects  we  must 
look  for  a  solution  of  the  whole  problem. 

A  luminous  object  therefore  gives 
rise  to  the  sensation  of  "  glare  "  under 
the  following  conditions  : — 

A  luminous  object  is  absolutely  and 
permanently  glaring  (1)  when  the 
retinal  image  of  it  is  so  intense  that 
either  individual  portions  of  the  retina, 
or  the  retina  as  a  whole,  are  brought 
to  a  condition  in  which  the  "  upper 
adaptation-limit  "  is  exceeded.  This 
condition  is  characterized  by  a  painful 
feeling  of  "  dazzle,"  and  the  prolonged 
retention  of  "  after-images  "  when  the 
source  of  stimulation  has  been  with- 
drawn. 


(2)  When  the  fluorescence  of  the 
eye-lens,  arising  from  the  action  of  the 
ultra-violet  rays,  appreciably  infli^- 
ences  the  sharpness  of  the  retina  image. 

Query  4.  We  have  seen,  therefore, 
that  although  the  sensation  of  glare 
must  be  studied  by  the  aid  of  essentially 
subjective  methods,  there  does  not 
seem  at  present  to  be  any  reliable  and 
simple  physiological  test  in  existence 
of  which  an  illuminating  engineer  could 
avail  himself.  The  dazzling  effect  of  a 
source  is  recognized  to  be  dependent 
not  only  on  the  intensity  of  the  light 
entering  the  eye,  but,  as  will  be  seen 
later,  also  to  a  great  extent  on  its 
composition.  Fortunately  there  is  less 
difficulty  in  investigating  these  data 
from  the  physical  and  objective  side. 
Experience  teaches  us  that  the  sensa- 
tion of  glare  is  mainly  connected  with 
the  portions  of  the  retina  of  which  the 
brightest  image  is  received,  and  that 
it  is  there  that  the  "  after-image  " 
arises.  It  is  therefore  reasonable  to 
suppose  that  a  relation  exists  between 
the  relative  degree  of  dazzle  and  the 
concentration  of  light  over  the  surface 
of  the  luminous  source.  In  short 
we  can  trace  an  evident  connexion 
between  glare  and  intrinsic  brilliancy 
{i.e.,  light  intensity  per  unit  area  of 
radiating  surface). 

The  intrinsic  brilliancy  of  a  surface 
can  be  readily  calculated.  It  is  ex- 
pressed in  candles  per  square  centi- 
metre, or,  more  correctly,  in  lumens 
per  square  centimetre.  The  expression 
of  intrinsic  brilliancy  in  terms  of  candle- 
power  per  square  millimetre  is  pre- 
ferably avoided  since  it  in  general  gives 
rise  to  inconveniently  small  numbers. 

In  order  to  illustrate  the  increase 
in  the  intrinsic  brilliancy  of  recently 
introduced  sources  of  light  I  have 
collected  together  in  the  adjacent 
table  figures  relating  to  forty  different 
lamps,  from  the  pine  torch  and  the 
ancient  Roman  oil-lamp  up  to  the 
inverted  gaslight,  the  metallic  filament 
lamp  and  the  sources  of  the  present 
day.  Briefly  it  will  be  observed  that 
there  has  been  a  continuous  rise  in 
intrinsic  brilliancy  up  to  the  present 
time.  It  may  well  be  asked,  Which 
of  these  sources  possess  such  an  ex- 
cessive brilliancy  as  may  cause  the 
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upper  limit  of  adaptation  of  the  eye 
to  be  exceeded  ?  " 

In  the  literature  appertaining  to  this 
subject  one  often  meets  the  expression 
of  opinion  that  the  value  0*75  H.K.  per 
square  cm.  represents  the  highest 
permissible  intrinsic  brilliancy  from 
the  hygienic  standpoint.  On  the  other 
hand,  I  have  also  failed  to  find  any 
really  adequate  account  of  personal 
experiences  and  observations  to  bear 
out  this  suggestion.  I  suppose,  how- 
ever, that  this  figure  is  mainly  based 
upon  the  observation  of  the  sky,  a 
surface  which  can  be  observed  under 
ordinary  conditions  without  the  sensa- 
tion of  dazzle  being  experienced. 
Actual  measurements  have  indeed 
shown  that  the  intrinsic  brilliancy  of 
the  sky  on  average  days  remains, 
within  fairly  narrow  limits,  near  the 
value  0*75  H.K.  per  square  cm.  On 
other  days  in  June  and  July,  however, 
chiefly  when  the  sky  is  covered  by 
bright  clouds,  the  eye  might  be  some- 
what dazzled  by  gazing  fixedly  at  the 
heavens,  and  the  actual  brilliancy  is 
then  found  to  be  in  the  neighbourhood 
of  0*8  to  1*5  H.K.  per  square  cm. 

In  general  I  think  it  is  misleading  to 
draw  conclusions  about  artificial  light- 
ing from  the  observation  of  daylight 
conditions,  for  the  circumstances  in  the 
two  cases  differ  very  greatly,  and  it  is 
rarely  possible  to  make  any  really 
valid  comparison.  It  may  be  added 
that  daylight  is  not  always  ideal, 
and  indeed  is  often  associated  with 
injurious  conditions  which  we  rightly 
do  not  seek  to  reproduce  in  our  artificial 
illuminants.  However,  until  we  have 
established  some  more  reliable  and  more 
fully  substantiated  limit,  I  see  no 
reason  to  object  to  this  value  of  0'75 
H.K.  /square  cm.  Indeed  I  may  add 
that,  as  far  as  my  researches  have  at 
present  been  carried,  the  absolute 
limit  of  dazzle  would  seem  to  lie  some- 
where in  this  neighbourhood. 

However,  the  intrinsic  brilliancy  of 
an  illuminant  is  not  the  only  factor 
to  be  borne  in  mind.  There  are  other 
matters  which  undoubtedly  have  an 
influence  witliin  certain  limits.  One 
of  tl^^t  most  important  of  these  is  the 
size    ol    the   luminous  surface. 

Given    two    luminous    surfaces  of 


equal  intrinsic  brilliancy,  but  of  differ- 
ent area  (and  assuming  that  the  upper 
limit  of  adaptation  of  the  eye  is  ex- 
ceeded in  both  cases)  the  larger  of  the 
two  will  be  found  to  be  the  most 
glaring.    This  seems  to  find  an  ex- 
planation in  the  fact  that  while  the 
intrinsic  brilliancy  of  the  image  formed 
on  the  retina  is  the  same  in  each  case, 
that  of  the  luminous  object  with  the 
larger  area  covers  the  largest  portion 
of  the  retina,  and  therefore  gives  rise  to 
a  greater  total  exhaustion  of  the  visual 
substance.*    On  the  other  hand,  if 
the  total  amount  of  light  yielded  by 
two  sources  is  the  same,  but  their 
areas,  and  hence  also  their  intrinsic 
brilliancies  different,  even  here,  (again 
supposing  that  the  point  of  maximum 
adaptation  is  exceeded  in  each  case) 
the  source  having  the  larger  superficial 
area  may,  up  to  a  certain  limit,  prove 
the  more  glaring  of  the  two  because 
the  total  consumption  of  visual  mate- 
rial is  greater.    But  nevertheless  the 
after-image   of   the   body   with  the 
smaller  area  may  be  found  to  be  the 
more  persistent. 

This  may  partially  explain  why  the 
glaring  effect  of  the  metallic  filament 
lamp  is  not  so  great  as  might  be 
anticipated  from  its  intrinsic  brilliancy. 
For,  considering  intrinsic  brilliancy 
alone  (and  in  the  case  of  the  Wolfram 
lamp  this  reaches  the  figure  265  H.K. 
/square  cm.),  it  would  appear  absolutely 
impossible  to  use  such  lamps  without 
frosted  bulbs  or  other  protective 
device,  t 

There  is  also  a  second  reason  why 
the  dazzling  effect  of  intensely 
bright  surfaces  of  small  area  (such 
as  glow-lamp  or  Nernst  lamp  filaments) 

*  For  example  compare  the  figures  given  for 
the  Auer-  and  Olso-burners  in  the  table.  The 
intrinsic  brilliancy  is  roughly  the  same  in  each 
case,  yet  the  sensation  of  dazzle  was  con- 
siderably more  severe  in  the  latter  case.  Again 
the  intrinsic  brilliancy  of  the  glass  furnace 
(7  "52)  is  no  greater  than  that  of  the  most  power- 
ful incandescent  burner.  Yet  one  cannot, 
without  using  smoked  glasses,  look  into  the 
glass  furnace. 

t  Thus  the  incandescent  mantle  (Mannesmann 
inverted  32H.K.)  and  the  carbon  filament  glow- 
lamp  (31  9  hor.  H.K.)  shown  in  the  table  are 
both  about  equal  as  regards  glaring  effect  in 
spite  of  the  intrinsic  brilliancy  being  11  times  as 
great  in  the  latter  ca.se. 
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is  not  so  extremely  severe  as  might  be 
expected.  In  gazing  direct  at  such  a 
source  it  is  literally  impossible  to  main- 
tain the  eye  in  such  an  immovable 
condition  that  the  image  of  the  filament 
is  retained  throughout  the  period  of 
fixation  on  exactly  the  same  position 
on  the  retina.  The  image  is  always 
slightly  altering  its  location,  and  the 
exhaustion  of  visual  material  is  thus 
spread  over  a  larger  area.  Were  this 
not  the  case  a  permanent  injury  to  the 
retina  would  follow  after  a  very  short 
interval.  In  this  connexion  it  may 
be  added  that  the  after-image  of  the 
glow-lamp  filament  appears  as  a  line 
of  far  greater  width  than  that  which 
the  actual  diameter  dimensions  of 
the  filament  would  suggest.  Owing  to 
these  facts  we  find  that  the  glaring 
effect  does  not  increase  proportionally 
with  the  intrinsic  brilliancy. 

Finally  we  may  inquire  how  far  the 
degree  of  glare  of  an  illuminant  is 
dependent  on  the  distance  of  the 
source  from  the  eye. 

Two  sources  of  light  of  equal  intrinsic 
brilliancy  and  equal  intensity  in  general 
appear  to  the  eye  equally  glaring  at 
different  distances  away  (such  as  5  or 
20  metres),  in  a  clear  atmosphere. 
One  can  best  observe  this  fact  by  look- 
ing at  a  long  row  of  incandescent  gas 
lights  in  the  street  on  a  clear  evening. 
The  first  lantern  looks  almost  exactly 
as  bright  as  the  most  distant  one, 
though  the  latter  only  appears  to  the 
eye  as  a  luminous  point.  It  would 
therefore  seem  that  the  intrinsic 
brilliancy  of  a  surface  is  a  quantity 
which  is  independent  of  distance.  It 
is  only  in  the  case  of  great  distances, 
as  a  rule,  that  the  effect  of  atmo- 
spheric absorption  has  the  effect  of 
reducing  the  intensity  of  the  retinal 
image.  At  the  same  time  the  fact 
that  the  retinal  image  occupies  a 
smaller  area  tends  to  give  rise  to  some- 
what less  glare.  Under  practical  con- 
ditions, however,  and  within  wide 
limits  we  may  say  that  the  glare  of  an 
illuminant  is  practically  independent 
of  its  distance  from  the  eye. 

Dazzle  is  also,  strictly  speaking,  prac- 
tically inde[)('nd(mt  of  the  brightness 
of  the  surroundings.  Yet  it  must  be 
admitted  that   the    eye    tires  more 


rapidly  when  exposed  to  a  bright  light 
with  a  black  background  than  when 
exposed  to  the  same  source,  with  a 
moderately  illuminated  surface  behind 
it.  This  may  perhaps  be  due  to  the 
fact  that  the  eye  is  involuntarily 
attracted  by  a  bright  object  in  dark 
surroundings,  and  the  retinal  image 
is  therefore  confined  to  a  very  re- 
stricted portion  of  the  retina  ;  but 
there  is  not  this  impulse  to  steady  vision 
in  one  direction  when  the  contrast  is 
less.  In  addition  the  wandering  of  the 
eye  from  brightness  to  darkness  gives 
rise  to  pupillary  fluctuations  and  sudden 
alterations  in  the  condition  of  adapta- 
tion which  are  in  themselves  responsible 
for  fatigue.  These  two  causes  are 
probably  the  sole  explanation  of  the 
intolerable  and  fatiguing  effect  of  a 
source  of  light  of  an  unsteady  and 
flickering  character.  From  the  hygienic 
standpoint  one  cannot  sufficiently  in- 
sist upon  the  objectionable  nature 
of  such  sources  of  light. 

The  sharp  shadows  which  are  caused 
by  sources  of  light  of  small  dimensions 
are  naturally  in  no  wise  responsible  for 
glare.  On  the  other  hand,  as  ex- 
plained above,  the  rapid  adjustment 
of  the  pupil  and  the  retina  which 
take  place  as  the  eye  roves  from  a 
dark  surface  to  one  very  much  brighter 
in  themselves  constitute  a  source  of 
fatigue  ;  therefore  such  a  "  hard  " 
system  of  illumination  is  apt  to  be 
wearisome.  Abrupt  changes  from 
light  to  shade  are  therefore  undesirable 
and  can  be  avoided  by  surrounding 
such  point-sources  by  a  thick  opal 
globe  which  appears  evenly  illuminated 
and  therefore  both  reduces  the  intrinsic 
brilliancy  and  softens  the  shadows. 
Even  this  system  is  open  to  objection 
from  the  hygienic  standpoint,  because 
the  direct  shadows  from  such  a  single 
source  are  still  often  so  obscure  that 
the  eye  can  discern  nothing  in  the 
portion  of  the  surroundings  covered  by 
them.  Moreover,  such  shadows  appear 
})lack,  and  not  the  colour  of  the  object 
itself  as  in  the  case  of  diffused  day- 
light. In  artificial  illumination  it  is 
often  desirable  to  imitate  daylight 
conditions  by  the  use  of  a  number  of 
subsidiary  lights  of  smaller  intensity 
which    illuminate   the  deep  shadows 
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caused  by  the  main  source.  In  in- 
teriors one  may  profitably  arrange 
the  main  source  in  the  middle  of  the 
room  near  the  ceiling,  and  the  smaller 
sources  round  the  room,  on  the  cornices, 
&c.  The  same  result  is  very  simply 
secured  by  the  semi-indirect  system 
of  lighting,  where  the  deep  direct 
shadows  are  relieved  by  the  reflected 
light  from  the  ceiling. 

Query  5.  We  are  next  faced  by  the 
question  how  to  determine  whether 
or  no  a  source  of  light  is  absolutely 
and  permanently  dazzling,  according 
to  the  above  definition.  Unfortunately 
it  must  be  confessed  that  there  does 
not  seem  as  yet  to  have  been  any  even 
approximately  exact  method  of  deciding 
this  point  devised.  Until  recently 
there  was  no  need  for  it,  and  the  engineer 
concerned  with  lighting  questions  seems 
to  have  been  content  to  ignore  these 
physiological  aspects  of  the  matter. 
The  oculist,  on  the  other  hand,  whose 
co-operation  might  lead  to  the  working 
out  of  such  a  method,  has  also  hitherto 
concerned  himself  but  little  with  prac- 
tical problems  of  hygienic  illumination, 
and  usually  possessed  but  little  techni- 
cal knowledge  on  the  subject.  Hence 
it  is  only  by  the  efforts  of  the  illuminat- 
ing engineer,  whose  object  it  is  to  bring 
to  bear  on  this  question  the  combined 
resources  of  the  engineer  and  the 
physiological  expert,  that  progress  in 
this  direction  might  be  anticipated. 

The  opening  and  closing  of  the  pupil- 
aperture,  which  take  place  as  a  result 
of  changes  in  the  flux  of  light  entering 
the  eye,  seem  to  me  but  ill-adapted 
as  a  means  of  estimating  glare.  The 
contraction  of  the  pupil  is  only  in  a 
secondary  sense  a  protection  against 
permanently  dazzling  conditions  ;  it 
is  mainly  intended  to  protect  the  eye 
temporarily,  and  only  continues  until 
the  pigment  has  spread  out,  and  the 
eye  has  adapted  itself  to  the  changed 
conditions.  It  is  only  when  the  flux 
of  light  entering  the  eye  is  so  great 
that  the  upper  limit  of  adaptation  is 
about  to  be  exceeded  that  the  con- 
traction is  permanent  ;  otherwise  the 
aperture  gradually  enlarges  to  its 
former  state  as  the  adaptation  of  the 
eye  progresses. 

In  addition   Widmark   and  Sachs 


have  pointed  out  that  the  contraction 
of  the  pupil-aperture  is  extraordinarily 
dependent  on  the  spectral  composition 
of  the  light  entering  the  eye.  The  rays 
of  long  wave-length  and  the  infra-red 
rays  appear  to  exercise  the  most  marked 
effect  upon  it.  In  the  visible  spectrum 
the  red  is  the  most  influential,  and  the 
effect  becomes  less  marked  as  we 
a  pproach  the  violet .  Finally  we  observe 
that  the  ultra-violet  rays  are  almost 
without  action  at  all. 

Moreover,  it  must  also  be  noted 
that  the  opening  and  shutting  of  the 
pupil-aperture  is  essentially  a  sub- 
jective test,  and  is  not  only  a  somewhat 
variable  quantity  in  the  case  of  any  one 
individual,  but  also  manifests  itself  very 
differently  in  the  case  of  different 
races  of  people.  It  appears  to  be 
directly  connected  with  the  pigmenta- 
tion of  the  eye.  Northern  people  have, 
as  a  rule,  retinae  which  are  light  in  tint, 
and  a  small  pupil  ;  inhabitants  of 
southern  races,  on  the  other  hand, 
usually  have  large  pupils  and  strong 
pigmentation. 

From  these  considerations  I  draw 
the  conclusion  that  it  would  probably 
be  misleading  to  rely  upon  the  pupil- 
contraction  as  anything  but  a  very 
approximate  indication  of  the  exist- 
ence of  glare.  The  "  blinking  of  the 
eyes  "  has  also  been  suggested  as  an 
indication  in  this  direction,  but  this 
again  is  open  to  many  objections  similar 
to  those  urged  against  the  observation 
of  the  pupil-orifice,  and  is  affected  by 
many  outside  conditions  which  have 
little  bearing  on  the  question  of  glare. 
The  blinking  of  the  eyes  of  cats,  for 
example,  is  to  be  regarded  merely  as  a 
symptom  of  general  fatigue. 

On  the  other  hand  there  does  seem 
to  me  a  possibility  that  a  closer  study 
of  the  range  of  adaptation  of  the  retina, 
its  connexion  with  intensity  of  the 
light  entering  the  eye,  and  especially 
the  formation  of  after-images,  might 
open  up  a  serviceable  physiological 
method  of  detecting  glare.  The  greater 
the  degree  of  dazzle  the  more  rapidly 
is  the  visual  material  used  up,  and  the 
upper  limit  of  adaptation  exceeded  ; 
the  more  permanent,  therefore,  the 
after-image.  Hence  it  might  be  sug- 
gested that  the  time  which  elapses 
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before  the  after-image  becomes  visible, 
and  the  duration  of  time  for  which 
this  after-image  persists  with  the  closed 
eye,  would  form  the  best  physiological 
criterion  regarding  the  extent  of  the 
glare.    In    order    to    obtain  reliable 
figures  for  the  effect  of  any  source  of 
light  it  is  necessary  to  take  the  mean 
of  a  large  number  of  observations  in 
order  to  reduce  the  influence  of  sub- 
jective errors  and  abnormalities  to  a 
minimum.    As  an  example  of  such 
results  it  may  be  stated  that  the 
after-image  of  a  petroleum  lamp,  the 
intrinsic    brilliancy    of    which  was 
3*69  H.K. /square  cm.,  persisted  for 
about  three  minutes,  while  that  of  a 
carbon  filament  glow-lamp  having  an 
intrinsic  brilliancy  of  66*7  U.K.  /  square 
cm.  lasted    for  as  much  as  twenty 
minutes.    I  hope  on  another  occasion 


to  give  a  more  detailed  description  of 
my  experiments  on  the  appearance, 
persistence,  and  gradual  passing  away 
of  images  of  various  sources  of  light. 

In  the  same  way,  it  may  be  said, 
with  perhaps  even  greater  certainty, 
that  no  really  serviceable  means  of 
measuring  the  glare  due  to  the  invisible 
ultra-violet  rays  exists.  The  sugges- 
tion regarding  the  value  of  observation 
of  the  duration  of  the  after-images  is 
clearly  not  applicable  in  this  case.  If 
we  had  even  a  satisfactory  means  of 
quantitative  estimation  of  the  effect 
of  the  ultra-violet  rays  this  problem 
would  not  be  so  difficult.  This  last 
subject,  however,  is  still  in  an  ex- 
tremely debatable  stage,  and  on  this, 
too,  I  hope  to  be  in  a  position  later  to 
make  more  definite  recommendations. 
{To  be  continued.) 


Prof.  L.  Weber  (Kiel). — In  my 
opinion  it  is  very  desirable  that  there 
should  be  some  limit  to  the  brilliancy 
of  lights  in  interiors,  and  for  the 
maximum  hygienic  intrinsic  brilliancy 
I  should  be  inclined  to  specify  that  of 
the  ordinary  candle  -  flame,  namely 
about  0*4  candles  (Hefner)  per  sq.  cm. 

A  system  of  illumination  may  be 
described  as  glaring  "  when  it  exceeds 
any  of  the  limits  specified  in  the  follow- 
ing :— 

[a]  If  the  ratio  of  the  intrinsic 
brilliancy  of  the  source  of  light  to  that 
of  the  illuminated  surroundings  exceeds 
a  certain  limit.  This  ratio  should  not 
exceed  a  value  of  about  100. 

(h)  If  the  absolute  intrinsic  brilliancy 
of  the  source  exceeds  a  certain  value. 
As  mentioned  above  the  brilliancy  of  the 
open  candle-flame  might  be  taken  as 
the  safe  limit. 

(c)  If  the  angle  between  the  direction 
of  vision  of  the  eye  when  applied  to 
the  work  it  is  called  upon  to  do  {e.g. 
when  gazing  at  a  desk,  blackboard,  or 
diagram  on  the  wall,  &c.),  and  the  line 
from  the  eye  to  tlie  source  of  light,  is 
too  small.  This  minimum  angle  might 
be  provisionally  assumed  to  be  30 
degrees. 

{d)  Wlien  the  extent  (apparent  area) 
of  the  illuminating  body  is  too  large. 


The  source  should  not  subtend  an 
angle  of  less  than  5  degrees  at  the  eye. 

It  may  be  added  that  of  these  con- 
ditions a  is  by  far  the  most  important. 
The  number  100  is  founded  upon  the 
conditions  prevailing  in  a  normal 
interior  illuminated  by  light  from 
the  blue  sky.  Under  such  conditions 
I  assume  that  the  eye  will  not  be 
dazzled  when  the  gaze  is  turned  away 
from  the  interior  of  the  room  J  and 
directed  towards  the  sky.  Now  the 
intrinsic  brilliancy  of  the  sky  is  about 
8,000     secondary     Hefner     units  = 

€i|to  =  0-25  primary  units*  The 
intrinsic  brilliancy  of  the  white  surfaces 
illuminated  by  the  sky  in  the  room 
under  these  circumstances  will  usually 
be  about  0  0026  primary  units  (Hefner 
candles  per  sq.  cm.).  The  ratio  of 
this  to  the  former  quantity  is  just  about 

100.  

*  The  definitions  of  the  primary  and 
secondary  units  of  intrinsic  brilliancy  or 
surface  -  brightness  (Flilchenhelle)  are  as 
follows : — 

1  Primary  Unit  =  the  intrinsic  brilliancy 
of  a  surface  such  that  one  square  centimetre  of 
it  yields  a  light  one  candlepower  (Hefner). 

1  Secondary    l^nit  =  :^ -j  primary  units 

and  represents  the  degree  of  intrinsic  brilliancy 
of  a  white  matt  surface,  of  albedo  unity,  which 
receives  an  intensity  of  illumination  of  one 
metre-candle  (Hefner). 
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INTRINSIC  BRILLIANCY  OF  VARIOUS  SURFACES. 
(See  Weber,  Zur  Frage  der  Liehteinheiten,  Schilling,  Journal  f.  Gashelenclitnng,  &c.,  1888, 

p.  597-604.) 


INTRINSIC  BRILLIANCY. 

NATURE  OF  SOURCE. 

Primary  Units. 

Secondary  Units. 

1. 

Solar  Disc  (Sonnenscheibe)  ...   

Green 

...  171,700 

5,.394,000,000 

XvcU 

...  ij'±,tv;u 

2,'025,'000,'000 

2. 

Sky  near  position  of  sun  ... 

Green 
R«d 

20-40 
1575 

640,900 
494,800 

3. 

White    cardboard    received  illumination 

Green 
Bed 

601 
2  17 

189,100 
68,310 

from  the  unrestricted  skv,  Breslau,  12 
o'clock,  June  12,  1885  \  

4. 

White  clouds  

Green 
Bed 

1-81 
0-33 

57,040 
10,390 

5. 

Albocarbon  flat-flame  burner,  seen  edge- 

Green 

10-4 

326,200 

ways  ... 

Red 

Q-7 

304,500 

6. 

Albocarbon  flat-flame  burner,  seen  broad- 

Green 

1-50 

46,790 

ways  ... 

Red 

140 

43,680 

7. 

Argand  burner   

Green 
Red 

1  0-895 

28,150 

8. 

Blue  sky  at  angle  of  60^^,  sun  at  Zenith  ... 

Green 
Red 

104 
0-12 

33,000 
3,800 

9. 

White  card  illuminated  by  the  unrestricted 

Green 

0062 

1,945 

sky  at  Breslau,  12  o'clock,  Dec.  23,  1884 

Red 

0016 

508 

10. 

Black  velvet  illuminated  under  the  same 

Green 

0-012 

378 

conditions  as  the  preceding  3   

Red 

0-0044 

137 

11. 

White  cardboard  so  illuminated  that  print 

Green 

...  0-000,318 

10 

upon  it  can  be  read  with  ease   

Red 

...  0-000,318 

10 

Point  h  is  also  founded  on  actual 
experience.  We  know  that  a  candle- 
flame  in  a  reasonably  well -lighted 
room  is  not  unduly  glaring. 

Points  c  and  d,  however,  are  only 
roughly  estimated,  and  to  be  regarded 
as  of  a  suggestive  character. 

As  a  consequence  of  the  important 
proposition  a  it  may  be  pointed  out 
that  multiplication  of  the  sources  is 
desirable.  Thus  two  candles  will  give 
rise  to  less  glare  than  one,  if  they  form 
the  sole  method  of  illuminating  an 
interior,  simply  because  the  intrinsic 
brilliancy  of  the  surroundings  will  be 
increased  thereby,  while  the  intrinsic 
brilliancy  of  the  sources  remains  the 
same.  In  fact,  the  ratio  referred  to 
has  been  reduced  by  one  half.  In  the 
following  table  are  given  some  values 
of  the  intrinsic  brilliancy  of  different 
luminous  objects  expressed  in  both 
primary  and  secondary  units. 

Dr.  M.  Corsepius  (Cologne). — A 
complete  answer  to  the  series  of  queries 
on  the  subject  of  glare  is  hardly  possible, 


especially  as  concerns  numerical  results, 
owing  to  the  number  of  different 
factors  involved.  The  following  com- 
ments on  some  of  these  questions  may, 
however,  be  of  interest  : — 

No.  1. — Intense  contrast  of  light, 
and  shade  ;  the  actual  amount  of 
light  given  by  a  source  is  only  of 
secondary  importance  in  this  respect. 

No.  2. — See  additional  remarks  at 
end. 

No.  3. — Modern  sources  of  light 
ought  never  to  be  protected  only  by 
clear  glass. 

No.  4. — In  general  one  cannot 
specify  exact  figures  for  the  permis- 
sible degree  of  glare.  This  depends 
very  greatly  on  the  surroundings, 
and  on  the  way  in  which  shadows 
are  formed.  The  multiplication  of 
sources  of  light  and  the  placing  of 
them  at  a  considerable  distance  from 
the  eye  are  effectual  methods  of 
reducing  glare.  Fluctuations  in  in- 
tensity tend  to  accentuate  the  incon- 
veniences of  glare. 
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Nos.  5  and  6. — I  consider  photo- 
graphic methods  practicable.  Accord- 
ing to  such  tests  the  image  of  the 
surroundings  of  a  bright  source  of 
light  should  also  be  discernible  when 
the  source  of  light  itself  is  sharply 
outlined  on  the  plate.  , 

No.  7. — The  effect  of  various 
colours  is  not  the  same.  The  red 
light  of  some  flame  arc  lamps  is 
especially  objectionable,  though  in- 
nocuous if  the  lamps  are  properly 
arranged.  The  effect  of  ultra-violet 
rays  does, not  enter  into  this  question. 

No.  8. — If  the  lamps  are  hung  high 
enough  and  effectually  screened — 
no  !  The  use  of  intense  beams  of 
light  on  rapidly  travelling  vehicles 
constitutes  an  undoubted  but 
apparently  inevitable  evil. 

No.  9. — The  use  of  frosted  glow- 
lamps,  installed  "  house-high  "  may 
be  advocated. 

No.  10. — Certainly.  But  in  general 
only  questions  of  contrast  and  glare 
due  to  direct  reflection  are  of  interest 
from  the  architectural  standpoint. 

Additional  Comments. 

The  normal  human  eye  is  adapted  to 
withstand  wide  variations  in  intensity. 
On  the  other  hand,  fluctuations  of  light 
and  darkness  (whether  in  space  or  time), 
are  objectionable.  For  example,  when 
one  travels  into  mountainous  districts 
or  into  Italy,  the  enormous  increase 
in  the  brilliancy  of  the  illumination 
does  not  produce  any  ill  effect.  But 
when  the  ground  is  covered  with  snow, 
or  even  light  grey  in  texture,  one  is 
dazzled,  because  the  reflected  rays  of 
light  enter  the  eye  from  below.  One 
should,  therefore,  aim  at  placing  sources 
of  light  high  up. 

One's  eye  is  dazzled  even  by  the  light 
of  a  match,  when  struck  in  the  dark- 
ness. In  this  case  it  is  the  contrast 
which  is  responsible.  In  the  same  way 
one  can  observe,  without  inconveni- 
ence, an  osram  lamp  of  several  hundred 
candle  power,  when  surrounded  by  opal 
glass,  whereas  a  corresponding  lamp 
with  a  ch^ar  glass  globe  dazzles. 

One  sliould,  therefore,  take  pains  so  to 
place  our  lights  that,  in  going  about 
our  daily  business,  we  are  not  dazzled 
by  receiving  their  direct  rays.  The 


greater  their  brilliancy,  the  higher  and 
more  distant  from  the  eye  should  they 
be  placed.  Clear  glass  lamps  should, 
above  all,  never  be  used  unscreened. 
Frosted  lamps,  placed  near  the  ceiling, 
achieve  their  purpose  much  better, 
and  low  -  hanging  .  "  advertisement 
lamps  "  are  a  nuisance. 

An  interesting  example  of  interior- 
lighting  is  furnished  by  the  Konigl. 
Maschinenbauschulen,  in  Cologne.  Be- 
fore the  erection  of  some  new  building 
a  series  of  experiments  were  made,  with 
the  object  of  securing  a  uniform, 
shadowless,  and  steady  illumination. 
At  that  time  there  were  no  tungsten 
lamps  available,  and  Nernst  lamps  were 
decided  upon.  In  order  to  avoid  any 
possibility  of  dazzle  and  also  to  produce 
a  uniform  illumination  the  arrange- 
ments shown  in  Fig.  1  was  selected. 
Below  the  lamp  were  placed  semi- 
transparent  opal  glass  shades  ;  above 
clear  glass.  The  resulting  illumina- 
tion was  both  uniform  and  soft.  Even- 
tually, however,  the  intensity  of  the 
Nernst  lamps  feel  off,  and  it  was  found 
desirable  to  replace  them  by  tungsten 
lamps.  At  the  present  time  the 
arrangement  has,  therefore,  been  altered 
to  that  shown  in  Fig.  2.  Each  110  Watt 
Nernst  lamp  has  been  replaced  by  a 
75  H.K.  Osram  lamp,  having  a  frosted 
bulb,  and  without  any  reflector.  These 
lamps  were  originally  hung  as  low  as 
the  Nernst  lamps  had  been,  but  subse- 
quently the  cord  was  shortened  so  as  to 
bring  them  nearer  the  ceiling,  as  indi- 
cated in  Fig.  2.  Measurements  showed 
that  the  brightness  of  the  illumination 
on  the  tables,  &c.,  in  the  room  had  not 
been  reduced,  in  spite  of  the  increase  in 
their  height,  the  illumination  being 
to-day  one  and  a  half  times  that  pre- 
viously obtained.  On  the  other  hand 
the  effect  on  the  eye  is  very  satisfactory, 
and  there  is  no  trace  of  dazzle. 

From  this  example  we  may  draw  the 
deduction  that  it  is  not  necessary  to 
take  any  extravagant  precautions  to 
avoid  the  glare.  If  the  lamps  are 
frosted  and  placed  near  a  white  ceiling 
their  brilliancy  is  not  offensive  and  the 
reflected  light  from  the  ceiling  and  light 
walls  renders  the  illumination  prac- 
tically independent  of  the  height  of  the 
illuminant. 
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Fig.  1. — Room  lighted  by  Nernst  lamps,  opal  diffusing  surfaco  below,  and  clear'glass  above, 


Fig,  2.— Same  Room  lighted  by  Frosted  Tungsten  lamps,  hung  high  up. 
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These  two  photographs  servo  to 
illustrate  how  the  conditions  demanded 
in  Queries  5  and  6  may  be  secured.  I 
consider  ceiling-illumination  with  glow- 
lamps  a  very  serviceable  method  when 
enough  light  is  used.  It  may  be 
recalled  that,  owing  to  the  narrow 
shape  of  metallic  filament  lamps,  com- 
paratively little  light  is  thrown  directly 
downwards  or  even  at  small  angles  to 
the  vertical.  It  is,  therefore,  advan- 
tageous not  to  employ  too  opaque 
a  system  of  frosting.  I  consider, 
however,  that  the  method  occa- 
sionally adopted  hitherto,  of  only 
frosting  the  lower  portion  of  the  lamp 
is,  as  a  rule,  unsatisfactory.  Only 
completely  screened  lamps  should  be 
used,  except  in  special  cases  (e.g.,  when 
suitable  reflectors  are  employed)  in 
which  it  is  impossible  for  the  eye, 
looking  in  any  direction,  to  receive  light 
direct  from  the  glowing  filaments. 

Dr.  L.  Bell,  Boston — Among  the 
very  interesting  queries  on  the  list, 
numbers  3  and  8  appeal  to  me 
as  of  special  practical  importance.  I 
believe  that  I  am  responsible  for  the 
suggestion  that  it  is  unsafe  to  go  above 
5  candle-power  per  square  inch  in 
intrinsic  brilliancy,  this  suggestion  hav- 
ing been  made  some  half-dozen  years 
ago  in  a  paper  before  the  American 
Institute  of  Electrical  Engineers.  As 
a  result  of  close  observations  since  that 
date,  I  am  strongly  of  the  opinion 
that  5  candle-power  per  square  inch 
is  too  much  for  near  sources,  while  for 
distant  sources,  as  found  in  large  spaces 
and  out-door  work,  it  can  easily  be 
tolerated.  With  respect  to  the  ill- 
effects  of  too  much  intrinsic  brilliancy 
in  the  source,  it  is  my  opinion  that  the 
liability  to  trouble  (assuming  the 
lights  to  be  steady),  depends  ultimately 
on  the  total  amount  of  energy  concen- 
trated in  the  image.  In  other  words, 
for  steady  liglits  of  similar  colour  the 
plioto-chemical  action  on  the  retina  is 
a  question  of  the  ergs  per  second.  The 
effect  practically  depends,  therefore, 
not  only  on  the  intrinsic  brilliancy  of 
the  light  emitting  surface,  but  also 
on  the  absolute  amount  of  energy 
that  reaches  the  eye.  An  arc  lamp  in  an 
opal  globe,  for  example,  presenting  an 


intrinsic  brilliancy  that  would  be  in- 
tolerable in  a  small  room  _  becomes 
entirely  inoffensive  on  the  street. 

I  find  by  experience  that  for  ordinary 
lamps  an  intrinsic  brilliancy  of  1  candle- 
power  per  square  inch,  obtained,  for 
instance,  by  screening  the  tungsten 
lamp  in  an  opal  globe,  is  absolutely 
inoffensive,  and  I  think  the  practical 
maximum  allowable  for  interior  work 
would  be  found  somewhere  around  2  or 
2 J  candle-power  per  square  inch.  This 
is  substantially  the  limit  indicated  by  me 
in  a  paper  on  '  The  Physiological  Basis 
of  Illumination  '  a  couple  of  years  ago. 
In  larger  spaces  the  maximum  may  be 
increased  somewhat. 

The  last  section  of  Question  3  intro- 
duces an  entirely  different  element,  that 
of  contrast  as  related  to  the  adaptation 
of  the  eye.  One  may  look  at  the 
matter  from  the  physiological  stand- 
point somewhat  as  follow^s  : — ^The  work 
thrown  upon  the  retina  in  visual  pro- 
cesses depends  upon  the  rate  at  which 
the  photo-chemical  changes  are  com- 
pelled to  go  on.  A  bright  image  on  the 
retina  produces  certain  changes  from 
which  recuperation  takes  place  when 
the  stimulus  ceases.  If  stimuli  succeed 
each  other  rapidly,  either  owing  to 
fluctuations  of  the  source,  or  shifting 
of  the  position  of  the  image  on  the 
retina,  the  work  demanded  of  the  retina, 
as  a  whole,  increases  ;  and  in  addition 
there  is  extra  labour  demanded  of  the 
pupillary  mechanism  and  frequently 
of  the  accommodation  ;  all  these  may 
make  a  total  sufficient  to  overload  the 
organ  and  produce  fatigue.  One  finds, 
as  a  result,  that  a  slow  flicker,  even  of 
rather  moderate  amount,  becomes 
distressing  after  a  very  short  period, 
and  its  evil  effects  disappear  only  when 
the  successive  stimuli  follow  each  other 
at  a  rate  which  is  well  under  the 
reaction  times  of  the  various  elements 
in  the  organ. 

Moreover,  when  a  fairly  brilliant 
source  is  placed  in  well-Ughted  sur- 
roundings, the  eye  gets  down  to  a 
relatively  settled  state  and  its  efforts 
to  accommodate  itself  to  new  condi- 
tions impose  less  strain.  As  a  tentative 
hypothesis,  I  would  suggest  that  the 
most  important  consideration  is  quite 
likely  to  be  the  difference  in  intrinsic 
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brilliancy  between  the  illuminant  and 
its  surroundings,  which  measures,  in 
a  way,  the  change  in  activity  required 
when  tlie  bright  image  shifts  its 
position  (as  it  is  constantly  doing  in 
ordinary  vision).  Much,  of  course, 
depends  on  the  state  of  adaptation  of 
the  eye,  which  seems  under  each  new 
state  of  illumination  to  gradualh 
settle  itself  to  a  new  condition  of  equili- 
brium. 

With  respect  to  the  intrinsic  brilliancy 
of  the  sources  used  in  the  streets,  the 
arc  lamp  with  clear  globe,  as  very  largely 
used  in  the  United  States,  is  rather 
bad.  When  opal  enclosing  globes  are 
used,  I  do  not  think  that  the  intrinsic 
brilliancy  often  rises  too  high,  especially 
when  the  lamps  are  hang  25  or  30  ft. 
above  the  street.  It  does  become 
offensive,  however,  when  flaming  arcs 
are  used  at  a  short  distance  above  the 
sidewalk,  as  they  too  often  are,  the 
energy  received  by  the  retina  then 
becoming  painfully  great.  We  are 
graduallj/  introducing  opal-shaded  street 
arcs  in  this  country,  with  extremely 
good  results.  Motorists  in  particular 
find  the  change  very  beneficial,  and 
while  the  lights  give  less  candle-power, 
owdng  to  absorption  in  the  globe,  there 
is  general  agreement  that  they  give 
very  much  better  illumination. 

The  trouble  hinted  at  as  arising  from 
the  enormous  glare  from  the  head- 
lights of  motor-cars  is  a  serious  one. 
T  can  hardly  give  better  evidence  of  the 
trouble  caused  to  motorists  by  an 
unshaded  arc  hung  rather  low,  than  by 
citing  an  accident  which  happened 
in  the  suburbs  of  Boston  a  short  time 
ago,  in  which  two  motor-cars,  each 
provided  with  the  ordinary  head- lights, 
met  in  a  head-on  collision  immediately 
under  an  arc  lamp,  both  drivers  being 
dazzled  by  the  glare  and  unable  to  see 
well  enough  beyond  it  to  judge  their 
distances  properly.  The  glare  from  the 
head-lights  of  motor  vehicles  has  proved 
itself  a  serious  obstacle  to  traffic.  The 
effect  of  the  concentrated  beam  is 
dazzling  in  the  extreme,  and  correct 
judgment  of  distance  in  its  presence 
is  very  difficult.  A  similar  difficulty 
has  been  encountered  in  some  Ameri- 
can towns,  owing  to  the  frequent  use 
of  arc-light  head-lights  of  great  power 


on  fast  electric  cars.  In  some  cases 
towns  have  found  it  desirable  to  forbid 
the  use  of  these  glaring  lights  within 
their  more  densely  populated  portions, 
and  in  such  cases  it  might  prove  feasible 
to  cut  down  the  head-lights  of  motor 
vehicles  by  shutters,  in  running  through 
towns  where  the  speed  limit  is  moderate 
and  consequently  the  far-reaching  beam 
is  unnecessary  for  safe  driving. 

Dr.  E.  P.  Hyde,  Cleveland, 
Ohio,  U.S.A.  —  The  entire  subject 
of  "  glare "  is  one  in  which  the 
laboratory  of  the  National  Electric 
Lamp  Association  is  intensely  interested. 
I  therefore  conferred  on  the  subject 
with  my  colleagues,  Dr.  Ives  and  Dr. 
Cobb  (who  is  the  physiologist  of  the 
laboratory).  As  a  result  of  that  con- 
ference we  performed  a  few  simple 
experiments,  the  results  of  which, 
together  with  a  general  statement  giving 
our  present  view  of  the  subject,  I  beg 
to  submit  as  a  part  of  the  discussion. 

It  must  be  borne  in  mind  that  the 
following  contribution  is  made  with 
only  a  day's  thought  and  only  a 
part  of  a  day's  work,  in  order  to 
be  in  time  for  presentation  at  this 
meeting,  and  therefore  our  statements 
are  submitted  rather  as  suggestions 
for  further  consideration  than  as 
definite  conclusions.  Probably  the 
results  of  more  elaborate  investiga- 
tions on  similar  lines  will  be  presented 
subsequently. 

In  considering  glare  (where  by  glare 
we  mean  a  sensation  of  light  which  is 
painful  or  uncomfortable),  it  is  neces- 
sary to  discriminate  between  sources 
of  different  size.  Sources  which  are 
too  large  to  be  considered  points  or 
lines,  but  which  are  still  of  small 
dimensions,  may,  at  moderate  distances, 
produce  images  on  the  retina  which 
are  more  extended  than  they  should 
be,  owdng  to  scintillation,  just  as  in 
the  extreme  case  an  object  looked  at 
across  a  hot  surface  is  seen  w  ith  very 
hazy  outline.  In  addition  the  size  of 
images  of  very  small  bright  objects  is 
affected  by  diffraction  at  the  rim  of  the 
pupil  of  the  eye.  Moreover,  it  has  been 
shown,  I  believe,  that  the  eye  is  con- 
tinually in  motion,  and  this  seems  to 
be  also  a  possible  source  of  diffusion 
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of  the  image  when  small  intense  sources 
are  viewed. 

With  sources  of  moderate  size,  there 
would  seem  to  be  three  elements  to  be 
distinguished.  In  treatises  on  optical 
systems  such  as  Chapter  4  of  Drude's 
'  Lehrbuch  der  Optik,'  it  is  shown  that 
if  there  is  no  light  lost  by  absorption  or 
reflection,  and  if  the  refractive  indices 
in  the  object  and  image  regions  are  the 
same,  the  theoretical  intrinsic  brightness 
of  the  image  is  equal  to  that  of  the 
object.  As  Drude  points  out,  how- 
ever, this  theoretical  intrinsic  bright- 
ness, which  refers  to  the  normal 
emission  per  unit  area,  must  be  dis- 
tinguished from  the  intensity  of 
illumination  of  the  image  actually 
formed  on  the  retina.  This  can  be 
increased  tremendously  by  increasing 
the  aperture  of  the  emergence  pupil, 
while  intrinsic  brightness  is  inde- 
pendent of  aperture. 

In  the  case  of  subjective  brightness, 
we  are  concerned  with  the  intensity  of 
illumination  of  the  retina  rather  than 
with  the  intrinsic  brightness  of  such  an 
image  as  that  defined  by  Drude.  It  is 
true,  however,  that  if  there  is  no 
auxiliary  optical  system,  and  if  the 
pupil  of  the  eye  maintains  a  constant 
aperture,  these  two  quantities,  the 
theoretical  intrinsic  brightness  and 
the  actual  intensity  of  illumination  of 
the  image,  are  proportional  and  are 
not  affected  by  distance  from  the 
source. 

A  third  quantity  to  be  considered  is 
the  area  of  the  retina  excited,  and  it 
would  seem  that  this  plays  an  important 
role  in  determining  glare  under  some 
circumstances.  We  hurriedly  per- 
formed the  following  experiment  :  A 
Nernst  glower  was  focussed  by  a  lens 
on  the  pupil  of  the  eye.  An  adjust- 
able iris  diaphragm  was  mounted  in  the 
optical  plane  of  the  lens,  and  the  eye 
was  focussed  on  the  diaphragm.  (An 
artificial  pupil,  of  smaller  diameter 
than  th(;  ])up\\  of  the  eye,  was  used  so 
that  alt(;ration  in  the  pupil-aperture 
would  not  affect  the  experiment.)  By 
varying  the  opening  of  the  diaphragm 
the  area  of  thv  image  on  tfu^  retina 
was  incr(^as(;d,  but  neither  the  intrin- 
sic brightness  nor  the  intensity  of 
illumination    of    the    image    on  the 


retina  was  changed.  The  difference  in 
glare,  however,  when  the  diaphragm 
was  closed  down  and  when  it  was  open 
was  most  pronounced.  It  was  possible 
with  moderate  openings  to  look  with 
perfect  comfort  at  the  diaphragm,  but 
when  the  latter  was  open  to  its  full 
diameter  the  glare  was  almost  unbear- 
able. This  experiment  shows  at  once 
that,  other  things  being  the  same,  the 
size  of  the  illuminated  area  of  the 
retina  has  a  marked  influence  in  deter- 
mining whether  or  not  a  certain  illumin- 
ation is  glaring. 

When  the  same  experiment  was 
repeated  without  the  artificial  pupil 
the  same  qualitative  results  as  to  glare 
were  obtained,  though  it  is  quite 
possible  that  in  this  case  the  pupil  of 
the  eye  may  have  changed.  (If  there 
were  such  a  change  we  would  expect 
it  to  be  in  the  direction  of  reducing 
the  glare  from  the  large  source  by 
reducing  the  intensity  of  illumination 
of  the  retina.) 

It  would  seem  that  this  experiment 
reproduces  an  effect  essentially  the 
same  as  that  which  is  observed  in  the 
case  of  ordinary  illuminants  placed  at 
different  distances.  It  is  quite  possible 
to  look  at  incandescent  filaments 
across  a  room  or  at  the  crater  of  an 
arc  in  the  street  without  being  sensible 
of  the  very  intense  blinding  effect 
which  is  experienced  if  we  look  at 
either  of  these  at  sufficiently  close  range. 
Since  (except  for  the  change  in  the  pupil, 
which,  as  we  have  seen,  would  tend  to 
decrease  rather  than  increase  the  glare 
on  close  approach  to  the  source,  and 
except  possibly  for  scintillation),  the 
only  effect  of  approaching  the  source 
is  to  increase  the  total  flux  of  luminous 
energy  into  the  eye  by  increasing  the 
area  of  the  retina  excited. 

In  order  to  determine  whether  the 
total  flux  of  light  entering  the  eye  is 
the  main  factor  responsible  for  glare, 
we  also  tried,  somewhat  hurriedly, 
another  experiment.  The  crater  of  an 
arc  was  focussed  on  an  opal  screen 
which  gave  moderately  good  diffusion 
in  transmission.  By  moving  the  arc 
and  condensing  lens,  with  reference 
to  the  eye,  and  keeping  the  opal  glass 
fixed,  it  was  possible  to  vary  the  size 
of  the  image  on  the  diffusing  screen. 
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The  total  flux  of  light  entering  the  eye 
under  these  conditions  remained  ap- 
proximately so  ;  yet,  Avhile  no  very 
disagreeable  sensation  was  experienced 
when  the  arc  was  considerably  out  of 
focus,  there  was  an  appreciable  glare 
when  focus  was  secured.  From '  this 
experiment  it  would  seem  that  the 
total  flux  into  the  eye  is  not  the  only 
element  entering,  but  that  the  intensity 
of  illumination  plays  some  part.  The 
effects  of  altering  the  size  of  field  retain- 
ing the  intensity  of  illumination  at  a 
constant  value,  and  of  varying  the 
intensity  of  illumination  with  a  con- 
stant size  of  field,  are  questions  which 
would  be  very  interesting  to  investigate. 
We  hope  shortly  to  pursue  this  investi- 
gation in  this  laboratory. 

In  considering  glare  it  seems  impor- 
tant to  keep  in  mind  the  adaptation  of 
the  eye,  both  of  the  retina  and  of  the 
pupil.  An  illumination  which  may 
appear  glaring  when  the  eye  has  been 
adapted  to  darkness  may  produce  no 
discomfort  when  the  eye  has  been 
accustomed  to  moderately  intense 
illumination.  Finally,  we  should  like 
to  learn  more  as  to  the  effect  of 
bright  objects  which  are  within  the 
field  of  view,  and  therefore  form 
images  on  the  retina,  but  which  do 
not  receive  the  attention  of  the 
observer.  If  our  eyes  are  directed 
towards  a  relatively  dark  object 
(which  would  demand  a  large  aper- 
ture of  the  pupil)  it  would  be  natural 
to  expect  that  brightly  illuminated 
objects  within  the  range  of  vision 
would  produce  discomfort. 

Prof.  R.  Ulbricht,  Dresden.— 
I  should  like  to  point  out  that 
it  is  incorrect  to  suppose,  as  many 
people  seem  to  do,  that  a  uniform 
soft  system  of  illumination  and  the 
complete  avoidance  of  visible  bright 
sources  constitutes  the  ideal  form  of 
artificial  illumination.  For  special  pur- 
poses such  a  method  may,  of  course,  be 
desirable.  But  in  ordinary  circum- 
stances, an  illumination  due  to  a  number 
of  bright  objects  is  to  be  preferred  in 
my  opinion  to  purely  diffused  light,  pro- 
vided that  intensely  sharp  shadows  are 
avoided.  In  recommending  this  method 
1  assume  a  light  of  good  quality  from 


the  hygienic  standpoint.  The  eye  will 
receive  the  stimulus  of  brightness 
and  it  will  also  be  provided  with  darker 
surfaces  on  which  to  rest,  as  in  the  case 
of  natural  illumination.  Under  such 
conditions  one  may  justifiably  utilise 
surfaces  having  a  higher  degree  of 
brightness  {i.e.,  surface-brightness  or 
intrinsic  brilliancy)  than  in  a  work- 
room, where  the  eye  does  not  rove 
about  but  is  continuously  turned  in  a 
certain  direction.  While  in  the  last 
case  an  intrinsic  brilliancy  of  O'l  H.K. 
per  square  centimetre  may  be  pre- 
scribed, under  the  first-named  con- 
ditions as  much  as  2  H.K.  per  square 
centimetre  might  be  regarded  as  by  no 
means  excessive. 

Dr.  L.  Bloch,  Berlin. — My  remarks 
refer  chiefly  to  Queries  3,  8,  and  10. 

There  can  be  no  doubt  that,  in 
interiors  at  least,  the  arrangement  of 
the  sources  of  light  should  be  such 
that  the  eye  is  never  compelled  to  look 
straight  at  an  unscreened  bright  light. 
Apart  from  the  candle,  the  oil-lamp, 
and  the  flat-flame  gas  burner,  all  our 
modern  sources  of  light  have,  in  the  un- 
screened condition,  a  degree  of  brilliancy 
which  it  is  bad  for  the  eye  to  perceive 
directly,  and  which  may  be  injurious  in 
the  case  of  long  exposure. 

Still,  it  would,  in  my  opinion,  be 
going  much  too  far  to  insist  that  un- 
screened sources  should  under  no 
circumstances  be  employed  in  in- 
teriors. But  we  should  invariably 
make  use  of  diffusing  screens  and 
globes  in  all  cases  in  which  the  lights, 
owing  to  their  position,  are  apt  to  fall 
within  the  direct  range  of  vision  (for 
example,  in  the  case  of  low-hanging 
fixtures  and  chandeliers  such  as  are 
used  in  many  large  rooms). 

In  the  case  of  electric  glowlamps, 
particularly  metallic  filament  lamps, 
the  method  of  screening  involving  the 
use  of  suitably  designed  outer  globes 
is  distinctly  preferable  to  the  usual 
method  of  frosting  the  bulbs.  Frost- 
ing is  known  to  diminish  noticeably  the 
useful  life  of  the  lamps,  whereas  the 
use  of  outer  globes,  on  the  other  hand, 
protects  the  lamps  and  rather  tends  to 
increase  their  useful  life.  Wlien  the 
lamps  are  placed  high  up  near  the  ceil- 
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ing,  however,  it  is  often  not  necessary 
to  screen  the  lamps,  and  this  system 
of  lighting  is  particularly  to  be  recom- 
mended in  the  case  of  metallic  fila- 
ments. In  the  case  of  rooms  with 
light  walls  and  surroundings  ceiling- 
illumination  can  be  satisfactorily  em- 
ployed, and  demands  almost  the  same 
consumption  of  electricity  as  the 
hanging  of  lamps  on  fixtures  at  a  lower 
level. 

A  fundamental  means  of  avoiding 
glare  in  interiors  is  inverted  illumina- 
tion. This,  however,  cannot  be  ap- 
proved without  reservation.  As  re- 
gards expense  it  may  be  admitted  that 
a  room  with  white  ceiling  and  walls  can 
be  illuminated  by  inverted  system  at 
not  much  higher  cost  than  in  the  case 
of  direct  systems  of  the  ordinary  kind. 
But  inverted  illumination  has  not 
always  had  the  result  anticipated. 
Owing  to  the  absence  of  any  visible 
source,  the  resulting  illumination 
appears  somewhat  "  cold,"  and  the 
complete  absence  of  shadows  is  also 
often  unsatisfactory,  especially  as 
regards  its  effect  on  architectural  im- 
pressions, the  display  of  furniture  in  a 
room,  &c.  On  this  account  a  semi- 
inverted  system,  which  softens  the 
light  and  yet  permits  a  certain  amount 
of  direct  lighting,  is  to  be  preferred. 

The  illumination  of  streets  and  public 
lighting  must  naturally  be  considered 
in  quite  a  different  manner  to  indoor- 
illumination.  Here,  in  spite  of  all 
physiological  and  hygienic  considera- 
tions, and  in  spite  also  of  the  very  con- 
siderable intrinsic  brilliancy  of  many 
of  the  sources  employed,  a  certain 
degree  of  glare  is  often  desired.  For 
example,  notwithstanding  their  greater 
intrinsic  brilliancy,  the  Nernst  lamp 
and  the  metallic  filament  lamps  have 
appealed  to  the  public  for  street- 
lighting  more  successfully  than  carbon 
filament  lamps  ;  in  the  same  way  small 
arclamps  of  yet  greater  intrinsic 
brilliancy  are  preferred  by  many  to 
tungsten  lamps  giving  the  same 
candle-power.  No  doubt  this  may 
})(5  par-tly  asc;ri})a})le  to  the  whiter 
character  of  the  light,  l)ut  it  is 
mainly  evidence  of  the  desire  for 
more  "  brilliant  "  illumination.  How 
far  the   taste   in  this  direction  can 


go  is  illustrated  by  the  system  of  street- 
lighting  in  Berlin,  where  high  pressure 
incandescent  gaslamps  of  3,000  .  to 
4,000  H.K.,  and  with  clear  globes,  are 
installed  at  a  height  of  only  5'5  metres  ; 
although,  under  these  conditions,  the 
light  must  stream  direct  into  the  eyes 
of  passers  -  by,  very  little  complaint 
has  been  heard  from  the  general  public 
regarding  the  matter.  A  great  deal  of 
educational  effort  is  needed  before  the 
general  public  comes  to  realize  the 
fact  that  a  glaring  system  of  illumina- 
tion is  not  the  best  for  the  eyes  or  for 
clear  vision. 

The  habit  of  installing  powerful 
sources  of  several  thousand  candle- 
power  directly  in  front  of  show-win- 
dows and  at  a  low  height  is  quite  in- 
defensible, on  account  of  the  needless, 
irritating  glare  thus  caused.  Un- 
fortunately, examples  of  this  method  are 
now  to  be  met  with  very  frequently 
in  the  chief  streets  of  most  large  cities. 
One  cannot  sufficiently  or  energetically 
condemn  this  habit,  and  it  seems  to 
me  very  desirable,  in  the  interests  both 
of  the  owner  of  the  premises  and  the 
contractor  responsible  for  such  installa- 
tions, to  take  every  opportunity  of 
impressing  upon  them  the  fact  that  they 
are  utilizing  an  absurd  and  uneconomi- 
cal method  of  lighting. 

M.  Lauriol  (Paris). — I  find  it  diffi- 
cult to  quote  precise  figures  bearing 
on  this  subject.  The  effects  of  glare 
are  experienced  so  differently  by 
different  people.  For  example,  some  of 
my  friends  prefer  an  opal  screen  for  a 
reading  lamp,  but  I  myself  could  not 
tolerate  a  system  which  allowed  any 
direct  light  from  the  source  to  strike 
the  eye.  I  therefore  use  an  opaque 
paper  screen  with  a  dark  tinted  exterior, 
but  white  inside.  Under  these  con- 
ditions one's  face  and  eyes  are  in  the 
shade  and  one  sees  only  the  illumi- 
nated object  and  nothing  of  the  source 
itself.  In  my  opinion,  therefore,  the 
desirable  maximum  limit  of  intrinsic 
brilliancy  of  a  source,  from  the  hygienic 
standpoint,  would  be  zero. 

However,  there  are  considerations 
which  limit  the  possibility  of  repro- 
ducing this  arrangement  in  practice. 
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(1)  When  a  general  illumination  has 
to  be  produced  for  the  benefit  of  a 
number  of  people  in  a  street  or  room, 
it  is  almost  inevitable  that  some  rays 
coming  straight  from  the  source  should 
reach  the  eye.  We  ought,  however, 
by  suitable  diffusing  screens  to  cut 
down  their  intrinsic  brilliancy  as  low 
as  possible,  and  to  place  the  sources 
high  up,  or  to  employ  the  indirect 
method  of  throwing  light  on  to  a  white 
ceiling. 

(2)  Although  this  method  of  pro- 
ducing a  subdued  illumination  may  be 
desirable  from  the  hygienic  standpoint, 
and  may  answer  in  an  office  or  at  a 
scientific  meeting,  it  may  not  be 
equally  acceptable  at  a  pleasure- 
gathering,  where  something  more  stimu- 
lating and  festive  is  required.  In  such 
cases  we  must  not  press  the  claims  of 
subdued  illumination  too  strongly. 

There  are  many  respects  in  which 
the  existing  methods  of  illumina- 
tion in  the  streets,  &c.,  might  be 
improved.  Many  shops  make  use  of 
powerful  unscreened  lamps  placed  at  a 
very  low  level  of  say  2  to  3  metres 
above  the  ground.  Such  a  method  is 
very  tiring  to  the  eye,  and  is  probably 
of  little  use  as  a  means  of  displaying  the 
goods  in  the  window.  It  is  only  a 
violent  attempt  to  attract  the  atten- 
tion of  passers-by.  Ought  it  to  be 
forbidden  ?  Perhaps  so.  But  it  is 
difficult  to  advocate  legislation  on  this 
point.  It  may  be  added  that  the  rules 
for  street  lighting,  both  by  gas  and 
electricity,  in  Paris,  are  very  similar  to 
those  in  force  in  London,  and  there 
is  not  much  prospect  of  any  immediate 
change. 

Professor  S.  A.  Rumi,  Genoa.— 
I  understand  by  a  "  glaring  "  system 
of  illumination,  one  in  which  un- 
screened powerful  sources  of  light 
of  concentrated  brilliancy  —  such  as 
arc  lights,  incandescent  gashghts, 
and  metallic  filaments — are  used,  but 
are  not  provided  with  suitable  diffusing 
globes.  In  addition,  many  sources, 
which,  in  themselves,  might  not  be  con- 
sidered glaring,  become  so  when  used 
with  a  concentrating  lens  or  concave 
reflector  directing  an  intense  beam  in 
a  certain  direction. 


The  eye  is  greatly  affected  by  looking 
for  a  short  time  at  such  illuminants,  and 
its  powers  of  vision  are  temporarily 
diminished,  even  when  the  eye  is 
withdrawn  and  directed  towards  less 
brilliant  surroundings. 

The  tendency  towards  high  tempera- 
ture of  incandescence,  and  the  conse- 
quent concentration  of  the  light  over 
a  small  area,  which  is  typical  of  the 
more  efficient  recent  illuminants,  is 
therefore  prejudicial  to  eyesight,  and 
also  the  habit  of  using  these  lamps, with- 
out an  adequate  screen,  at  too  low  a 
height  from  the  ground.  In  such  cases 
the  eye  is  unfortunately  involuntarily 
attracted  towards  the  luminous  object. 
The  contraction  of  the  pupil-aperture, 
and  its  subsequent  readjustment  when 
the  eye  is  directed  elsewhere,  are  a 
source  of  fatigue  to  the  eye.  More- 
over, the  retina  is  also  inconvenienced, 
and  it  is  a  well-known  fact  that  "  after- 
images," arising  from  the  circum- 
stance that  the  retina  does  not  imme- 
diately return  to  its  normal  condition 
after  exposure  to  a  light  object,  are 
more  or  less  severe  according  to  the 
brilliancy  of  the  object  observed.  The 
sudden  formation  of  a  very  bright  image 
on  the  retina  can  be  compared  with  a 
severe  physical  shock,  a  single  instance 
of  which  may  be  unpleasant,  but  not 
irremediable,  while  a  repetition  is  un- 
doubtedly injurious.  These  considera- 
tions seem  to  justify  the  recommenda- 
tion to  limit  the  brilliancy  of  unscreened 
sources  exposed  in  interiors ;  but  it  must 
be  noted  that  the  question  can  really 
only  be  determined  by  tests  of  a  sub- 
jective character  and  not  objective 
ones. 

In  general,  a  system  of  lighting 
approaching  to  natural  illumination  is 
to  be  desired,  and  extreme  contrasts 
avoided.  According  to  my  experience, 
the  system  of  strongly  illuminating  the 
table  at  which  one  is  seated,  and  leav- 
ing the  rest  of  the  room  in  comparative 
darkness,  is  to  be  avoided,  especially 
when  the  table  is  covered  with  a  white 
surface  and  the  light  is  concentrated 
upon  it  by  means  of  opaque  reflectors. 
As  a  rule,  the  best  illumination  from  the 
hygienic  standpoint  would  probably 
be  secured  by  aiming  at  a  considerable 
number  of  sources  of  low  brilhancy 
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rather  than  a  few  concentrated  hghts, 
and  by  placing  such  lamps  high  up,  out 
of  the  range  of  view.  It  is  a  good  plan 
to  diffuse  the  light  over  the  lower 
hemisphere  by  the  use  of  frosted  glass, 
allowing  the  light  from  the  upper  un- 
screened portion  to  be  reflected  and 
diffused  by  the  ceiling  (which  should  be 
of  a  white  colour).  Many  examples  of 
this  system  are  now  to  be  met  with 
in  our  buildings  and  invariably  give 
satisfaction. 

Dr.  W.  H.  Seabrook,  New  York. — 
I  should  define  glare  as  a  dazzling 
effect  produced  upon  the  retina  by 
too  brilliant  a  light.  Accepting 
this  definition,  the  factors  affecting 
the  production  cf  glare  would  be  the 
intrinsic  brilliancy  of  the  light,  its  dis- 
tance from  the  eye,  and  the  character 
of  the  eye  itself. 

Chemical  light  is  absorbed  by  the 
animal  lens  before  it  reaches  the  retina  ; 
the  amount  of  absorption  varies  in 
different  species  and  individuals.  Too 
strong  a  light  injures  the  lens,  and 
cataract  may  be  produced  by  the 
ultra-violet  rays  in  case  of  great  in- 
tensity of  the  light  and  exceptional 
length  of  exposure.  Contraction  of  the 
pupil  lessens  the  amount  of  light 
reaching  the  retina,  but  does  not  protect 
the  centre  of  the  leris.  The  "  glare  " 
is  modified  by  the  absorption  of  light 
by  pigment  cells  in  the  retina.  Hence 
the  sensation  of  glare  is  not  an  adequate 
guide  as  to  the  danger  of  injury  to  the 
human  lens  from  light.  While  no  eye 
should  be  exposed  to  an  illumination  of 
more  than  two  candle-power  for  any 
lengtli  of  time,  the  minimum  is  not  so 
easily  determined.  One  has  only  to 
take  the  well  pigmented  eye  of  an  elderly 
person  of  the  so-called  far-sighted 
type,  who  is  not  properly  supplied  with 
glasses  and  has  a  chronically  con- 
tracted pupil  arising  from  the  habitual 
use  of  strong  light,  and  compare  it 
with  the  eye  of  a  near-siglited  blonde 
with  large;  pupil,  having  no  proper  con- 
tractile power,  to  see  that  illuminating 
engin(!erH  can  hardly  hope;  for  specific 
answers  from  oculists  based  ui)on  what 
the  laity  describe  as  the  "  normal 
eye."  (Which  reminds  me  that  an 
important  method  of  protection  from 


glare  in  the  last-described  class  of  eye 
is  "  narrowing  of  the  inter-palpebral 
aperture,"  or,  as  the  ordinary  American 
puts  it,  "  squeezing  the  lids.") 

An  answer  to  the  first  portion  of 
question  (2)  would  seem  to  require  a 
volume  by  itself.  Injuries  to  eyes  from 
too  brilliant  light  might  be  divided  into 
two  classes,  organic  and  functional. 
The  organic  injuries  may  again  be 
divided  into  those  resulting  in  perman- 
ent defects  and  the  more  numerous 
variety,  where  there  is  recovery  some 
months  after  the  exposure.  One  type 
of  injury  usually  resulting  in  permanent 
damage — that  due  to  direct  exposure 
of  the  eye  to  the  sun  (as  in  viewing  an 
eclipse)  without  proper  precautions, 
could,  perhaps,  hardly  be  described  as 
coming  from  an  injudiciously  placed 
source  cf  light,  but  electric  light 
amaurosis  is  sometimes  permanent  and 
might  be  so  described.  Functional 
cases  of  injury  sometimes  lead  to 
temporarily  impaired  vision  as  well  as 
pain  and  discomfort. 

As  regards  the  latter  part  of  question 
(2),  we  enjoy  in  America  very  good 
school  illumination  in  primary  and 
public  schools.  The  hours  of  study  end 
early  in  the  afternoon  and  daylight 
is  employed.  In  our  so-called  pre- 
paratory schools,  on  the  other  hand,  the 
lighting  is  usually  very  bad  for  night 
work,  incandescent  electric  lights  being 
placed  in  front  of  the  student  over  a 
desk.  Gladys  Black,  of  the  Physical 
Education  Society,  has  shown  that 
lateral  curvature  of  the  spine  results  in 
some  public  schools  from  a  twisting 
of  the  body  to  avoid  sunlight  being 
reflected  into  the  eyes.  Dr.  Fuchs,  now 
of  Vienna,  stated  a  quarter  of  a  century 
ago,  in  his  five  thousand  franc  prize 
essay,  that,  with  insufficient  daylight, 
school  rooms  were  best  lighted  by 
diffused  electric  light,  the  source  being 
screened  from  the  eye  (2  and  4). 

A  negative  answer  to  (5)  would  seem 
to  follow  if  the  first  part  of  this  letter 
is  correct. 

As  an  answer  to  (6)  I  would  refer  you 
to  the  article;  on  Light,  p.  584,  vol.  xiv. 
of  the  1882  '.  Encyclopaedia  Brit annica.' 
Among  other  things  Prof.  Tait  says, 
"  we  cannot  well  define  equality  of 
illumination  when  the  lights  are  of 


GLARE,  ITS  CAUSES  AND  EFFECTS. 


127 


different  qualities."  To  be  sure  such 
measurements  need  to  be  made  in 
practice,  and  a  certain  fixed  artificial 
light  standard,  taken  from  daylight 
under  agreed  conditions,  may  be  used. 
In  any  case  the  eye  of  the  observer 
should  be  thoroughly  examined  and 
its  condition  kno\\n  and  stated  with 
any  observations  publicly  declared. 
No  instrument  can  eliminate  the  need  to 
consider  the  eye  of  the  observer  in 
measuring  glare. 

As  regards  (7)  we  are  justified  in  say- 
ing that  all  experiments  and  observa- 
tions for  half  a  century  have  so  far 
shown  that  the  greatest  damage  to  eyes 
results  from  ultra-violet  rays,  and  that 
no  material  damage  has  been  proved 
to  be  due  to  preponderance  of  any 
particular  kind  of  light  except  the  blue 
and  violet.  This  does  not  mean 
that  infra-red  rays  are  necessarily 
good  for  the  eyes,  or  that  red  hght  is 
entirely  pleasant  for  all.  Although  it 
may  not  be  practicable  to  obtain 
harmless  light,  it  would  seem  to  be 
theoretically  possible  to  obtain  light 
of  the  highest  illuminating  power  which 
would  not  cause  injury  to  the  eye. 

For  street  lighting  I  see  no  use  in 
modifying  the  present  lights  in  order 
to  protect  the  eyes.  Man  has  learnt  to 
protect  his  eyes  from  the  light  of  the 
8un,  and  as  I  believe  distance  and 
placing  to  be  the  most  important  practi- 
cal factors  for  the  protection  of  the 
eyes,  the  ordinary  citizen  should  know 
better  than  to  stare  steadily  at  a  light 
too  near  for  his  eyes.  We  cannot  stay 
in  the  dark  to  protect  our  eyes,  nor  can 
illuminating  engineers  expect  to  find  an 
artificial  hght  which  will  be  sufficient 
to  illuminate  objects  properly  forty  feet 
away  and  do  no  harm  shining  directly 
into  the  eyes  at  two  feet  distance.  For 
signal  lights  glare  is  even  desirable,  in 
order  to  attract  attention. 

I  myself  recommend  glasses  of  amber 
yellow  of  a  tint  dark  enough  to  cut  off 
the  blue  yellow  end  of  the  spectrum  for 
the  prevention  of  the  results  of  glare. 
I  have  been  assured  that  amber  yellow 
globes  for  artificial  light  are  desirable 
from  the  decorator's  point  of  view. 
These  are  indicated  to  preserve  the 
illumination,  and  pink  and  green  m.ay 
be  used  when  hght  is  to  be  cut  off. 


Ground  glass  globes  diffuse  the  light, 
a  very  desirable  thing  with  the  incan- 
descent filament,  but  they  cut  off 
25  to  40  per  cent  of  the  illumination. 
The  Optical  Review  of  Philadelphia  in 
1903  remarked  upon  the  coincidence  of 
the  finding  of  a  German  artillery  sur- 
geon that  amber  yellow  shooting 
glasses  improved  the  scores  at  the  range 
33 J  per  cent,  and  mine  that  the  same 
percentage  showed  improved  vision 
by  an  indoor  test.  In  the  subsequent 
year  the  President  of  the  Royal  Opthal- 
malogical  Society  of  the  United  King- 
dom, in  a  discussion  on  night  blindness, 
recommended  the  trial  of  golden  yellow 
glasses  as  they  were  used  in  India  for 
shooting  during  twilight,  in  order  to 
improve  vision. 

Let  me  conclude  by  assuring  your 
Society  of  my  highest  appreciation  of 
its  efforts. 

Dr.  E.  0.  Sisson,  Denver,  U.S.A.— 
In  considering  the  effect  of  glare 
on  the  human  eye,  the  writer's 
observations  have  been  chiefly  con- 
cerned with  the  effect  of  natural 
glare,  viz.,  intense  sunlight.  While 
no  visible  lesion  has  been  demon- 
strated, either  macroscopically  or  micro- 
scopically, there  is  in  these  cases  what 
the  author  would  call  a  hypersensitive- 
ness  of  the  retina.  It  is  probable  that 
this  hypersensitiveness  is  brought  about 
largely  by  the  action  of  the  rays  within 
the  visible  spectrum,  although  Stein- 
metz  has  demonstrated  that  the  radia- 
tion of  the  sun  contains  ultra-violet 
rays,  and  a  larger  percentage,  com- 
pared with  the  total  radiation,  than 
any  glass-enclosed  artificial  illuminant. 
Whether  the  hyper-sensitiveness  is  pro- 
duced by  the  raj^s  within  the  visible 
spectrum  or  the  ultra-violet  rays,  the 
facts  remains  that  people  coming  to 
this  part  of  the  United  States  seek  relief 
sooner  or  later  from  what  they  term  as, 
' '  Light  hurting  the  eyes."  This  applies 
to  the  entire  great  plateau  region  of  the 
west  and  southwest. 

Those  who  have  small  errors  of 
refraction  and  have  not  found  it 
necessary  to  have  them  corrected  in  the 
eastern  part  of  our  country,  find,  after 
a  short  residence  here,  that  in  order  to 
have  comfort  for  the  eyes  they  must 
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put  on  glasses.  This  is  the  experience 
of  my  colleagues  as  well  as  myself. 
The  fact  that  glass  is  more  or  less 
opaque  to  ultra-violet  rays  may  be 
largel}'  responsible  for  the  relief  gained. 

These  are  simply  clinical  suggestions, 
and,  in  view  of  the  difficulty  of  gathering 
statistics  of  a  demonstrable  nature,  they 
will  probably  remain  so.  Still,  they 
help  to  confirm  an  impression  as  to  the 
existence  of  the  deleterious  effect  of 
intense  artificial  illuminants  and  are 
valuable  for  that  reason. 

The  effect  of  artificial  illuminants  is 
somewhat  different,  and  this  subject 
can  be  studied  more  intelligently,  both 
by  the  physiologist  and  the  engineer. 
Stockhausen's  investigations  show  that 
the  greatest  amount  of  light  the  human 
eye  can  stand  is  a  surface  brightness  of 
about  0"75  of  a  Hefner  candle  to  the 
square  centimetre,  but  he  does  not 
state  whether  this  is  the  normal  eye 
of  a  blonde  or  brunette.  In  a  recent 
article  on  '  The  Effect  of  Intense  Sun- 
light on  the  Eye  of  the  Blonde  Type,'* 
by  the  writer,  it  was  shown,  as  a  result 
of  a  study  of  comparative  anatomy, 
that  the  effect  of  illuminants  is  modified 
by  the  anatomical  and  histological 
structure  of  the  eye.  In  view  of  this, 
one  would  naturally  draw  the  deduc- 
tion that  the  opening  and  closing  of  the 
pupil-aperture  would  not  form  a  very 
reliable  physiological  test,  by  which 
it  could  be  ascertained  whether  the 
existing  illuminant  was  open  to  objec- 
tion on  account  of  glare  as  set  forth  in 
your  list  of  queries.  If  such  a  test  were 
used,  an  eye  with  a  light-coloured 
fundus,  i.e.,  with  little  pigment,  should 
be  chosen  as  a  standard,  and  the  various 
pupillary  phenomena  that  sometimes 
exist,  such  as  hippus  in  its  pathological 
sense,  oscillation  occurring  synchron- 
ously with  the  heart-beat  and  respira- 
tory movements,  Wernicke's  hemiopic 
pupillary  reaction,  Argyll  Robertson 
pupil,  anisocoria,  orbicularis  pupillary 
reaction,  and  paradoxical  reactions  must 
be  sought  for  and  eliminated. 

Recent  medical  literature  teems  with 
reports  of  the  injurious  effect  of  ultra- 
violet rays  on  the  eye  and  with  methods 

*  Siison,  Ophthalmology,  January,  1909.— 
'  An  Inquiry  Into  tlu;  Effect  of  Intense  Sunlight 
on  the  Eye  of  the  Blonde  Type.' 


for  the  prevention  of  such  effects.  Chief 
among  the  investigators  along  the  latter 
line  in  this  country  is  Dr.  L.  Webster 
Fox*  of  Philadelphia.  At  the  last 
meeting  of  the  American  Medical 
Association  he  presented  before  the 
Ophthalmological  Section  an  article  on 
'  Amethyst  Tinted  Lenses,'*  and  recom- 
mended their  use  to  prevent  injurious 
effects  from  ultra-violet  rays.  The 
spectroscopic  analysis  of  this  amethyst 
glass  showed  that  it  cut  out  a  certain 
proportion  of  the  greenish-yellow  light 
of  the  spectrum,  10  or  15  per  cent. 

That  the  ultra-violet  rays  are  not 
alone  responsible  for  ocular  lesions 
caused  by  excessive  light  is  shown  by 
the  effect  of  monochromatic  light  on  the 
visual  purple  of  the  eye. 

It  has  been  demonstrated  that  the 
greenish-yellow  rays  emanating  from 
artificial  illumination,  which  is  reflected 
into  the  eye  from  a  material  having  a 
high  degree  of  reflection,  constituting 
glare,  rapidly  bleaches,  or  uses  up,  this 
protecting  tissue  of  the  retinal  elements, 
and  it  can  only  be  reproduced  by  ex- 
clusion of  light.  In  the  case  of  people 
following  certain  vocations,  the  eye  is 
exposed  for  long  intervals  day  after  day 
to  this  reflected  light,  in  which  case  the 
igment  is  rapidly  used  up  and  does  not 
ave  a  chance  for  reproduction.  The 
natural  consequence  is  that  the  retinal 
elements  are  exposed  to  a  constant 
source  of  irritation,  which  eventually 
results  in  ocular  disease. 

In  view  of  the  fact  that  many  of  the 
newer  types  of  lenses  suggested  for 
protection  from  ultra-violet  rays  cuts 
out  other  rays  emanating  from  the 
visible  spectrum,  their  value  may  be 
attributed  to  such  an  action,  rather  than 
to  the  elimination  of  ultra-violet  rays. 

Dr.  W.  Yoege  (Hamburg). — As  re- 
gards query  No.  3,  some  recommenda- 
tion on  the  lines  stated  seems  desirable. 

I  believe  that  there  are  no  particulars 
available  of  a  method  of  measuring 
"  glare  "  (Query  No.  6),  but  I  should  be 
inclined  to  suggest  the  following  method 
based  on  photography.  One  selects 
as    the    measure    of    the  highest 

*  Fox,  Journal  American  Medical  Associa- 
tion, July  10,  1909,  Vol.  Lll.,  No.  2,  p.  108, 
'  Amethyst  Tinted  Lenses.' 
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permissible  intrinsic  brilliancy  some 
source  of  light,  such  as  an  incandescent 
gaslight  surrounded  by  a  matt  diffusing 
cylinder,  an  open  gas-flame,  and  so 
forth.  Immediately  behind  this  source 
we  set  up  a  white  diffusely  reflecting 
surface  and  obtain  a  photograph  of  the 
source  superimposed  over  that  of  this 
illuminated  surface.  The  relative  black- 
ness of  the  two  images  will  then  be 
compared.  In  order  to  reduce  the 
intensity  of  the  source,  from  a  plioto- 
graphic  standpoint,  it  may  be  service- 
able to  introduce  a  yellowish  glass 
screen  which  cuts  off  the  photographi- 
cally active  portion  of  the  spectrum 
without  too  strongly  absorbing  the 
visible  region  ;  this  screen,  however, 
does  not  cover  the  illuminated  surface, 
but  only  the  source. 

The  source  to  be  tested  is  treated  in 
exactly  the  same  manner  as  the  "  unit  " 
estabHshed  as  indicated  above.  The 
contrast  between  the  darkness  of  the 
source  itself  and  that  of  the  illuminated 
surface  should  not  exceed  a  certain 
maximum,  namely,  that  occurring  in 
the  case  of  the  "  unit." 

It  may  also  be  found  more  con- 
venient to  place  the  illuminated  surface 
at  some  distance  from  the  source  and 
to  form  an  image  of  the  latter  on  it  by 
means  of  a  convex  lens,  the  surface, 
with  the  image  focussed  upon  it,  being 
photographed  as  described  above. 
Which  of  these  two  methods  is  prefer- 
able must,  of  course,  be  decided  by 
experimental  tests. 

As  regards  Query  No.  7,  it  may  be 
said  that  an  illuminant  ought  theoretic- 
ally to  possess  a  spectrum  resembling 
as  closely  as  possible  that  of  daylight. 
Continued  exposure  to  monochromatic 
light,  for  example,  would  probably  be 
injurious.  Ultra-violet  rays  play  only 
a  subordinate  part  in  comparison  with 
visible  light  in  causing  dazzle,  since  they 
are  unable  to  penetrate  to  the  retina. 

I  may  also  add  that  many  advertise- 
ment-lamps in  the  street  are  much  too 
dazzling,  and  that  the  newest  high 
pressure  incandescent  gas  mantles 
require  to  be  screened  by  some  form 
of  diffusing  globe  instead  of  clear  glass. 

Dr.  H.  Kriiss,  Hamburg.— With 
reference  to  Query  6,  I  should  like  to 


point  out  that  the  measurement  of 
glare  must  be  decided  by  consideration 
of  the  definition.  By  "  glare  "  we 
understand  a  quantity  equal  to  g  cL  e 
(where  I  =  the  intensity  of  the 
luminous  source,  S  the  total  area  over 
which  this  intensity  is  distributed, 
and  e  the  angle  of  inclination  of  the 
surface  to  the  eye  :  S  cos  e  is  thus  the 
apparent  area). 

In  order  to  determine  the  "  glare  "  or 
intrinsic  brilHancy  of  an  illuminant, 
therefore,  two  measurements  are  to  be 
made  : — 

(1)  We  must  measure  the  intensity 
of  the  source.  This  can  be  done  in  the 
ordinary  way  by  the  use  of  a  suitable 
photometer. 

(2)  We  must  determine  the  apparent 
area  of  the  surface  when  viewed  at  the 
prescribed  angle.  This  can  be  con- 
veniently done  by  means  of  the  Kriiss 
"  flame-measurer."  This  consists  essen- 
tially of  a  lens  which  forms  an  image  of 
the  luminous  object  upon  squared 
paper  ;  the  area  of  the  image  is 
readily  calculated  and  thence  the  area 
of  the  actual  source  easily  determined 
when  its  distance  from  the  lens  is  known. 
This  arrangement  is  specially  intended 
for  the  measurement  of  intrinsic  bril- 
liancy and  can  be  attached  to  the 
photometer  utilised  to  measure  the 
candle-power  of  the  source  investigated, 
both  instruments  receiving  rays  from 
the  source  in  the  prescribed  direction. 

Prof.  H.  Strache,  Vienna  (com- 
municated).— (1)  "  Glare  "  is  due  to 
excessive  contrast  of  light  and  shade, 
especially  when  the  surface  illuminated 
is  not  extensive. 

(3)  Sources  of  light  utilised  to  illu- 
minate an  interior  should  always  be 
placed  at  such  a  height  that  the  rays  of 
light  cannot  enter  the  eye  horizontally. 

(4)  Glare  is  not  dependent  on  high 
illuminating  power  only,  but,  as  sug- 
gested in  (1),  on  contrast.  When  the 
eye  is  first  directed  on  a  dark  surface, 
and  subsequently  turned  towards  one 
of  greater  brilliancy,  the  pupil  is 
momentarily  too  wide  open  and  the 
retina  receives  too  much  light.  Exces- 
sive contrast  is  therefore  physiologically 
undesirable  because  it  implies  continual 
readjustment  of  the  eye.  FHckering 
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and  unsteady  sources  of  light  are  open 
to  objection  for  the  same  reason. 

(5)  The  area  of  the  pupil- aperture  is 
controlled  mainly  by  the  average 
intensity  of  illumination  ;  it  is,  there- 
fore, not  a  satisfactory  means  of  judg- 
ing whether  the  degree  of  contrast 
is  too  great. 

(7)  Ultra-violet  rays  are  unquestion- 
ably more  injurious  than  those  of 
longer  wave-length. 

(8)  The  amount  of  light  given  by  the 
arc  lamp  is  not  too  high,  and  when 
lighted  up  in  daylight  does  not  appear 
glaring.  Yet  the  contrast  between  the 
light  itself  'and  the  dimly  lighted  street 
may  be  excessive,  and  the  tendency 
towards  unsteadiness  is  objectionable. 
It  is  desirable  to  devise  some  means 
of  screening  the  eye  effectually  from 
the  direct  rays. 

Herr  Prenger,  Director  of  the  Gas 
and  Electricity  Works,  Cologne. 


Many  of  these  queries,  such  as  1,  4, 
and  10  fall  almost  exclusively  within 
the  province  of  certain  specialists  ;  for 
example,  1  and  4  should  be  answered 
by  the  oculist,  and  10  by  the  architect. 

As  regards  2  I  should  like  to  point 
out  that  the  habitual  use  of  powerful 
arc-lamps  outside  shop-windows  at  a 
height  of  only  two  to  three  metres 
is  very  prejudicial  to  eyesight,  but 
this  drawback  could  frequently  be 
modified  by  the  use  of  suitable  re- 
flectors directing  the  rays  into  the 
window  itself  instead  of  the  eyes  of  the 
passers  by. 

In  many  schools  and  drawing  offices 
in  Cologne  the  semi-inverted  system 
of  lighting  with  incandescent  lamps 
has  been  found  very  serviceable  In 
interiors  it  is  certainly  desirable  that 
any  pow^erful  sources  of  light  hung 
at  a  relatively  low  level  should  be 
effectively  screened 


Light— The  F 

An  interesting  instance  of  the  sym- 
bolism of  light,  (a  subject  which  has 
been  very  fuhy  treated  in  the  series  of 
articles  lately  contributed  to  these 
columns  by  Dr.  M.  Gaster),  is  afforded 
by  the  play  by  Maurice  Maeterlinck, 
'  The  Blue  Bird,'  now  being  performed 
at  the  Haymarket  Theatre. 

The  production  of  this  play  depends 
upon  a  number  of  exceptionally  in- 
genious stage-effects  many  of  them 
involving  special  lighting  arrangements, 
and  the  colour-harmonies  in  the  various 
Hcenes  have  attracted  special  interest. 
In  addition  the  scheme  of  the  plot 
and  the  various  characters  illustrate, 
in  an  interesting  manner,  popular 
ideas  regarding  light  and  darkness. 

Thus  in  tin;  t  hird  act  the  children  who 
are  iho  hero  and  hc^roine  respectively  of 
the  f)lay  make  their  way  into  the 
Palace  of  Night,  into  which  Light 
cannot    enter.    In    this    palace  the 


•iend  of  Man. 

children  learn  that  most  evil  things 
have  their  dwelling,  including  ghosts, 
shades  and  terrors,  sicknesses  and 
wars. 

The  children  are  accompanied  on 
their  pilgrimage  by  fire,  water,  bread, 
the  cat,  the  dog,  sugar,  light,  &c. 
Most  of  these  characters  exhibit  some 
peculiar  absurdity,  and  all  except 
Light  and  the  Dog  are  really  inimical 
to  man.  Fire  is  an  active  but  un- 
reliable creature  in  constant  alterca- 
tion with  water  ;  the  Dog,  faithful 
but  dull,  wages  perpetual  warfare  with 
the  deceitful  Cat.  Light  alone  is 
above  these  petty  disputes,  being 
regarded  as  the  constant  and  all- 
powerful  friend  of  man,  and  earns  the 
dislike  of  the  other  creatures  who 
beneath  their  apparent  willingness, 
resent  their  servitude  to  mankind. 
More  than  once  the  children  are 
rescued  by  Light's  opportune  arrival. 
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The  names  of  the  following  new  members  of  the  Society  have  been  duly 
approved  by  the  Council,  and  were  announced  at  the  meeting  of  the  Society  held 
on  January  11th,  1910,  at  the  house  of  the  Royal  Society  of  Arts,  London  : — 


Y.P.. 


VICE-PRESIDENTS. 

.  CM.  Lummer,  Prof.  O.     The  University  of  Breslau,  Germany. 

MEMBERS   OF  COUNCIL. 

M.C.  Sprott,  E.  M.  Managing  Director  of  the  Imperial  Acetylene  Light  Co., 

123,  Victoria  Street,  London,  S.W. 

MEMBERS. 

92,  Hatton  Garden,  London,  E.C. 

Chairman  of  the  Brompton  Electricity  Co.,  Richmond 

Road,  London,  S.W. 
Electrical  Engineer,  31,  Mount  Nod  Roa,d,  Streatham, 

London,  S.W. 
Electrical  Engineer,   to  the  Northampton  Electric 
Light  &  Power  Co.,  73,  Derngate,  Northampton. 
Assistant  Engineer  to  the  West  Ham  Gas  Co.,  Strat- 
ford, London,  E. 
Managing  Director  of  the  Rugby  Lamp  Co.,  Ltd.,  92, 

Lower  Hillmorton  Road,  Rugby. 
Electrical    Engineer,    69,    Queen    Victoria  Street, 

London,  E.C. 
Electrical  Engineer,  Assistant  Chief  of  Maintenance 
Dept.  Western  Electrical  Co.,    174,   Maxey  Road, 

Plumstead,  S.E. 
Electrical  Engineer,  1  Victoria  Street,  London,  S.W. 


Baugh,  J.  H.  Agar 
Beeton,  H.  R. 

Beutell,  A.  W., 
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Handcock,  W.  H. 
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A.M.I.E.E. 
Hulse,  H.  R. 
Kelly,  R. 

Kerr,  Dr.  James 


Kinzbrunner, 
Mond,  Dr.  E. 
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Capt.  Royal  Engineers,  War  Office,  London,  S.W. 

6,  Holbbrn  Viaduct,  London,  E.C. 
The  Holophane  Co.,  50,  Church  Street,  New  York, 
U.S.A. 

Medical  Officer,  London  Coimty  Coimcil  Education 
Offices,  Victoria  Embankment,  W.C. 
.  57-58,  Chancery  Lane,  London,  E.C. 
Chemical   Manufacturer,    22,    Hyde    Park  Square, 
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Street,  London,  S.W. 
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Among  other  applications  for  membership  received  since  the  last  meeting  of 
the  Society  may  be  mentioned  those  of  Dr.  W.  M.  Bayliss,  M.A.  D.Sc,  F.R.S., 
Assistant  Professor  at  University  College,  London,  Dr.  W.  M.  W.  Ettles,  M.D., 
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ANNIVERSARY  DINNER,  February  10th,  1910. 


At  the  last  Council  Meeting  it  was  decided  to  hold  an  Anniversary 
Dinner  on  Thursday,  the  10th  of  February,  1910,  at  7.30  p.m.,  this  being 
just  a  year  since  the  formation  of  the  Illuminating  Engineering  Society  in 
this  country. 

In  fixing  this  date  the  Council  have  been  influenced  by  the  general 
feeling  that  the  Society  would  benefit  by  such  an  opportunity  of  bringing 
together  those  likely  to  be  interested  in  its  aims  and  objects,  and  it  is 
anticipated  that  a  number  of  distinguished  guests  will  be  present.  The 
chair  will  be  taken  by  the  President,  Prof.  S.  P.  Thompson,  D.Sc,  F.R.S. 

It  is  earnestly  hoped  that  members  will  make  a  special  effort 
to  be  present  on  this  occasion,  and  that  they  will  also  endeavour  to  bring 
with  them,  as  guests,  several  friends  whose  sympathy  and  support  would  be 
of  value  to  the  Society. 

The  dinner  will  be  held  at  the  Criterion  Restaurant,  Piccadilly, 

London,  W.,  and  the  price  of  tickets  will  be  10s.  6d.  (exclusive  of  wine). 

Will  you  kindly  state,  on  the  perforated  form  at  the  end  of  this  number,  the 
number  of  tickets  you  require,  and,  if  possible,  also  names  of  any  gentlemen 
whom  you  desire  to  invite,  accompanying  your  reply  by  a  remittance  covering 
the  price  of  the  Tickets. 

Eeplies  should  be  addressed  to  the  Hon,  Secretary,  Mr.  L. 
Gaster,  32,   Victoria   Street,   London,   S.W.,  preferably  not 

later  than  January  27th. 


NEXT   MEETING   OF  THE  SOCIETY, 

February  15th,  1910. 

The  next  meeting  of  the  Society  will  be  held  at  the  House  of  the  Royal 
Society  of  Arts  (John  Street,  Adelphi,  London)  on  Tuesday,  February  15th, 

1910,  at  8  P.M.,  when  the  discussion  on  *  Q-lare,  its  Causes  and  Effects,' 

opened  by  Dr.  J.  H.  Parsons,  F.R.C.S.,  at  the  last  meeting  of  the  Society  on 
January  1  Itli,  will  be  resumed.  The  chair  will  be  taken  by  The  President, 
Prof.  S.  P.  Thompson,  D.Sc,  F.R.S. 

Kindly  reply  to  the  Hon.  Secretary,  by  means  of  the  perforated  form  at 
the  end  of  this  number,  whether  or  no  you  will  be  able  to  be  present. 

For  Application  Form  for  tickets,  &c.,  see  end  of  magazine,  fg' 
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The  Design  of  Reflecting  Surfaces. 

(From  the  Physikalische  Zeitschrift,  April  15th,  1909.) 


I 


It  is  rather  singular  that  while  so  much 
attention  has  been  paid  to  the  design  of 
reflectors  intended  to  distribute  the 
light  in  a  gi\^en  direction,  relatively 
little  lesearch  has  been  devoted  to  the 
corresponding  qualities  of  the  surface 
which  is  illuminated.  Polar  curves 
of  distribution  of  light  of  new  reflectors 
are  usually  published  showing  how  the 
light  is  cast  in  different  directions.  By 
suitable  designs  we  can  either  distribute 
this  light  or  focus  it  at  a  particular 
point,  just  as  we  may  choose. 

In  the  same  waj-  it  will  be  seen  on 
consideration  that  the  intensity  of  an 
image  projecting  on  any  surface  will 
I^robably  vary  when  viewed  from 
different  directions.  If  a  good  white 
mat  surface  is  utilized  it  is  assumed 
that  the  light  is  uniformly  distributed, 
and  over  a  wide  angle  this  is  very  often 
true.  In  the  case  of  a  photometer  we 
always  aim  at  securing  a  surface  such 
that  it  complies  perfectly  with  this 
condition — a  surface,  in  fact,  such 
that  Lambert's  law  is  rigidly  true. 

An  interesting  point  in  this  con- 
nexion has  recently  been  raised  hy  a 
writer  in  the  Physikalische  Zeitschrift 
Lehmann,  April  15,  1909),  who  discusses 
the  quality  of  the  screens,  which  are 
usually  used  for  projection  purposes, 
e.g.,  for  cinematographic  exhibitions, 
&c.  The  author  prefaces  his  remarks 
on  this  subject  by  a  general  discussion 
of  some  of  the  physiological  principles 
underlying  painting  and  the  represen- 
tation of  nature  by  pictorial  means. 
The  exact  province  of  art  is  a  fascinat- 
ing subject  Avith  which  the  illuminating 
engineer  is  only  indirectly  concerned  ; 
still  there  is  so  much  in  illumination 
which  lias  to  do  with  artistic  principles 
that  such  questions  have  for  him  more 
than  a  trivial  interest.  An  ideal  photo- 
graphic plate  would,  presumably, 
possess  the  exact  characteristics  of  the 
human  retina.  It  would  respond  to  the 
various  colours  of  the  spectrum,  accord- 
ing to  exactly  the  same  law  as  the 
eye,  and  would  appreciate  the  relative 


brightness  of  each  in  exactly  the  same 
manner. 

Yet  even  were  this  the  case,  a  photo- 
graphic plate  would  probably  never  do 
exactly  what  our  eye  does,  because  of 
the  part  played  by  the  mind,  and  the 
influence  of  mental  association  in  inter- 
preting what  we  see.  The  artist, 
hoAvever,  would,  in  general,  contend 
that  his  art  is  creative,  and  that  he  is 
not  merely  concerned  with  the  imita- 
tion of  nature.  To  a  certain  extent 
photography  partakes  of  art  in  that 
there  is  room  for  manipulation  in  the 
process  of  development  according  to  the 
fancy  of  the  operator. 

Subjective  impressions,  however,  are 
caused  by  physiological  effects,  and  the 
author  in  the  contribution  referred  to 
points  out  how  the  means  at  the  dis- 
posal of  both  artist  and  photographer 
fall  short  of  what  is  needed,  in  order 
to  imitate  exactly  the  impression  re- 
ceived by  our  eye.  For  instance,  the 
use  of  pigments  must  always  be  un- 
satisfactory because  of  the  comparative 
restriction  imposed  by  this  method  of 
producing  light  and  shade.  Even  under 
the  best  conditions  the  illumuiation 
in  a  picture  must  often  fall  far  short 
of  that  occurring  in  actual  nature,  and 
the  contrast  of  hght  and  shade  is 
limited  by  the  reflecting  power  of 
the  pigment.  Conceivably  the  art  of 
the  future  maj  utilize  some  method 
of  light-projection  in  which  a  greater 
degree  of  contrast  in  light  and  shade 
is  possible. 

It  is  therefore  of  some  interest  to 
consider  what  defects  from  this  stand- 
point exist  in  the  projection  method. 
It  is  often  diflicult  to  secure  the  desirable 
degree  of  illumination  even  when  this 
means  is  employed  ;  for  instance,  in 
the  case  of  the  cinematograph,  where 
a  very  small  image  must  be  projected 
on  to  the  screen  with  a  corresponding 
loss  in  the  light  available.  For  physio- 
logical reasons  a  great  reduction  in 
luminosity  may  not  only  effect  the 
relative  value  of  different  colours,  but 
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may  also,  as  explained  above,  fail  to 
reprod'uce  the  correct  relative  value 
of  light  and  shade,  simply  because  our 
eyes  behave  differently  when  subjected 
to  different  orders  of  illumination. 

The  author  whose  work  has  been 
referred  to  above  has  sought  to  secure 
a  higher  degree  of  illumination  by 
modifying  the  kind  of  screen  used. 
For  ordinary  purposes  white  paper  or 
linen  screens  are  frequently  used.  Such 
surfaces  may,  according  to  the  results  of 
Sumpner  and  others,  possess  a  fairly 
high  coefficient  of  reflection.  They 
may,  for  instance,  perhaps  reflect  as 
light  80-90  per  cent  of  the  rays  of 
light  falling  upon  them.  At  first  sight, 
therefore,  it  would,  appear  that  no 
improvement  in  this  direction  was 
possible.  But  it  must  be  remembered 
that  much  of  the  light  reflected  from 
such  a  white  surface  is  not  usefully 
employed,  because  it  goes  in  a  direction 
in  which  it  does  not  reach  the  audience. 
Such  a  surface  distributes  its  light 
almost  uniformly.  A  polished  metal 
reflecting  surface  would  do  exactly  the 
opposite  of  a  white  paper,  for  in  many 
directions  no  light  would  be  refl.ected 
at  all.  What  is  really  wanted  is  a 
screen  which  would  concentrate  all 
light  thrown  upon  it  in  towards  the 
audience,  and  yet  still  produce  a  per- 
fectly continuous  and  effective  image. 

The  author  has  therefore  endeavoured 
to  devise  surfaces  made  by  depositing 
metal  so  as  to  form  a  variety  of  reflect- 
ing surface  which  is  intermediate  in 
character  between  the  two  types  de- 
scribed above.  Such  surfaces  are  pre- 
ferably made,  he  says,  bv  applying  a 
material,  such  as  aluminium  powder, 
by  the  hand  on  an  adhesive  background. 
It  is  also  suggested  that  b3^  making 
suitable  small  projections  of  a  given 
shape  over  the  surface,  the  angle  over 
which  the  light  is  reflected  can  be 
modified  witliin  a  considerable  range. 
It  is  even  possible,  he  states,  to  produce 
a  well-marked  maxinmni  in  a  desired 
dirfiction,  if  need  be,  by  suitable  design 
of  iho,  facets. 

SiH-})  s(;recns  are  flaimed  to  possess 
conHiderable  advnntages  for  projec^tion 
])ury)0ses,  "J'Ik^v  appear  to  have  about 
the  same  order  of  coefficient  of  reflec- 
tion as  mat  white  paper,  &c.,  and 


therefore  would  presumably  reflect  the 
same  total  amount  of  light  from  a  given 
impinging  flux,  but  concentrated  within 
a  certain  angle,  instead  of  thrown  out 
in  all  directions.  A  very  much  brighter 
image,  as  seen  perpendicular  to  the 
screen,  can  then  be  obtained,  as  will 
be  seen  from  the  adjoining  table. 


Surface. 

Relative 
Maximum 
Brightness. 

Effective 
Angle  over 
wliich  Light 
is  Reflected. 

1. 

White  Paper 

1-0 

2. 

Smooth  Ahiminium 

13-8 

48° 

3! 

Shirting 

7-8 

4. 

Kippled 

3-4 

84° 

5. 

AUuminium  deposited 

on  Celhiloid 

3-4 

71° 

6. 

Ahiminium  powder 
deposited  on  adhesive 

surface 

2-9 

56° 

7. 

Coarse  Frosted  Glass 

Silvered 

1-6 

96° 

Of  course  a  member  of  the  audience 
looking  at  the  screen  from  a  very 
oblique  angle  would  receive  but  little 
light,  and  would  not  see  the  image 
properly.  It  is  urged,  however,  that 
this  is  of  small  importance,  because 
in  any  case  the  perspective  for  such  an 
observer  would  be  so  bad  as  to  prevent 
him  from  seeing  the  picture  well.  For 
this  reason  it  is  now  preferred  to  use 
long  and  narrow  rooms  for  entertain- 
ments, so  that  all  the  audience  look 
practically  vertically  towards  the  screen. 
In  support  of  this  contention  the 
author  gives  a  series  of  curves  illustrat- 
ing the  manner  in  which  the  apparent 
illumination  of  an  image  would  vary 
at  different  angles,  as  compared  with 
that  of  the  same  image  on  a\  hite  paper. 
These  were  o1:)tained  by  direct  observa- 
tion with  a  Weber  photometer.  The 
general  nature  of  the  results,  however, 
will  be  understood  from  the  above  table. 

One  consequence  of  the  improvement 
in  the  brightness  of  an  image  so 
obtained  is  said  to  be  that  the  blue  and 
violet  shades  are  very  materially 
improved,  these  being  the  first  colours 
to  suffer  tlirough  a  weakening  of  illu- 
mination. These  reflecting  surfaces  are 
a] so  said  to  be  specially  adapted  for  use 
with  the  microscope  since  brightness 
is  here  very  essential,  and  the  range  of 
view  of  the  observer  is  practically 
restricted  to  a  given  direction. 


THE  ILLUMINATING  ENGINEER. 


135 


TRADE  NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


Reduction   in   the   Cost   of  Gas. 

Recent  Announcement  ol  the  Gas  Light  and  Coke  Co. 


The  New  Year  brought  a  welcoms  gift 
to  some  half  a  million  of  London  house- 
holders, in  the  shape  of  the  announcement 
by  the  Gas  Light  and  Coke  Company  of  a 
further  reduction  in  the  price  of  gas.  At 
the  commencement  of  last  year  the  Com- 
pany rduced  its  price  from  2s.  10c?.  to 
2s.  9c?.  per  1,000  cubic  feet,  and  now  a 
further  drop  to  2s.  8c?.  is  announced — 
making  a  total  reduction  of  4c?.  per  1,000 
feet  in  the  past  five  years. 

Gas  is  widely  used  in  the  home,  not  only 
for  lighting- — in  which  field  the  economy 
and  effectiveness  of  the  inverted  incan- 
descent burner  have  proved  of  very  great 
benefit  to  gaslighting — but  also  as  a 
cleanly  and  convenient  substitute  for 
coal,  and  it  is  therefore  anticipated  that 
this  gradual  but  steady  decrease  in  price 
will  be  appreciated  by  a  great  many 
people. 

It  is  naturally  expected  that  this  will 
lead  to  a  still  greater  consumption  of 
gas  for  fuel,  both  in  the  home  and  in  the 
workshop  and  factory,  and  it  is  claimed 


Modern  Gas  Lighting. 

This  is  an  attractive  pamphlet  issued  by 
the  Boston  Consolidated  Gas  Co.  to 
which  we  hope  to  refer  in  greater  detail 
on  a  subsequent  occasion.  Besides  being 
attractively  got  up,  this  publication  is 
interesting  as  an  indication  of  the  alert- 
ness of  some  gas  companies  in  the  United 
States  to  take  advantage  of  the  most 
recent  progress  in  illumination. 

We  notice,  for  example,  that  reference 
IS  made  to  the  work  of  Dr.  H.  E.  Ives  and 
his  researches  on  the  colour  of  artificial 
illuminants  and  also  to  the  subject  of 
intrinsic  brilliancy.  There  are  also  sections 
on  '  Residence  Lighting,'  '  Store  Light- 
ing,' and  '  Commercial  Lighting,'  illus- 
trated by  photographs  of  installations  and 
various  recent  designs  in  decorative 
fixtures. 


that  a  large  and  growing  volume  of  testi- 
mony from  medical  and  scientific  men 
yields  support  to  the  conviction  that  a 
properly  designed  gas  fire,  properly  fixed 
and  intelligently  used,  is  not  only  not  less, 
but  is  actually  more  hygienic  than  a  coal 
fire  (in  which  vmpurified  gas  is  biu'nt). 
The  use  of  gas  fires  is  extending  this  winter 
more  rapidly  than  ever  ;  whilst  the  clean- 
liness, the  saving  of  labour,  the  certainty 
and  perfect  control  of  heat  ensured  by 
the  use  of  gas  for  fuel  in  industrial  pro- 
cesses are  leading  to  the  rapid  displace- 
ment of  all  labour-requiring,  dirt,  and 
ash-producing  fuel  by  the  heat  which  is 
instantly  obtainable  by  the  simple  tiu-n- 
ing  of  a  tap  and  applying  a  light. 

The  policy  of  reducing  prices,  and  at 
the  same  time  giving  prompt  and  busi- 
nesslike attention  to  every  requirement 
of  their  consumers  which  the  Gas  Light 
and  Coke  Company  has  adopted  of  late 
years  has  already  proved  itself  to  be  soimd, 
and  is  destined  to  bear  even  greater  fruit 
in  the  future. 


Gas  and  Illuminating  Engineering. 

Every  man  who  plays  bridge  has  at  least 
some  good  rules,  and  perhaps  the  more 
rules  he  has  the  better  bridge  player  he 
is  ;  but  when  he  knows  how  to  break 
rules,  then  he  begins  to  win  games.  In 
illuminating  engineering  it  is  the  ability 
to  know  when  to  break  rules  that  secures 
business. — The  Secretary  of  the  Michigan 
Gas  Association,  Am.  Gaslight  Journal, 
Nov.  1,  1909. 


It  would  appear  that  if  we  would  do 
oiu"  duty  to-day  we  should  in  some 
measure  at  least  be  illuminating  engineers. 
A  definition  of  an  illuminating  engineer 
has  been  given  as  "  a  gas  engineer  with 
common  sense." — R.  J.  Thompson,  Seven- 
teenth Annual  Convention  of  the  Pacific 
Coast  Gas  Association. 
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Electric  Lighting  and  Power  Sets,  Working  on 
Petrol  or  Paraffin. 


From  the  Union  Electric 

Co.  (Park  Street,  South- 
wark,  London,  S.E.). 
we  have  received  par- 
ticulars of  the  Union 
Electric  Lighting  and 
Power  Sets.  These  sets 
are  intended  to  be  especi- 
ally suitable  for  Country 
Houses,  Small  Workshops, 
and  Shop  Lighting,  where 
a  supply  of  electricity  is 
not  readily  available  and 
where  reliable  and  simple 
form  of  plant  needing 
very  little  attention  is 
essential. 

,  The  catalogue  before  us 
contains  full  specifications 
relating  to  the  Engine  and 
Dynamo,  Switchboards 
and  Batteries  required  for 
lighting  of  this  description, 
either  25  or  50  volt  circuits 
being  provided  for. 


Union"  Lighting  Set  working  on  Paraffin.    1-25  K.W. 


Tests  on  Tungsten  Lamps. 


We  have  received  from  the  Westminster 
Testing  Laboratory,  York  Street,  West- 
minster, London,  a  notice  of  a  series  of 
life-tests  carried  out  on  a  number  of 
different  modern  makes  of  metallic  fila- 
ment incandescent  lamps.  Tests  of 
candle  power  were  made  at  intervals  of 
200  hours  throughout  a  period  of  1,000 
hours,  the  pressure  being  maintained 
constant  within  ^  per  cent.,  by  means 
of  an  automatic  voltage-regulator. 

The   results   of   the  tests  have  been 

f)rinted  in  full,  and  bound  up  in  one 
eather  covered  volume.  In  addition  to 
giving  the  results  for  each  lamp  individu- 
ally, they  also  give  the  average  of  all  of 
each  make  at  each  period,  and  the 
average  for  each  make  throughout  the 
whole  run. 

Th(;  subscription  required  to  obtain  a 
copy  of  the  complete  re]jort  is  £2  Zs 
Additional  f;oj)i(  s  may  be  obtained  (for 
IHirsonal  use  only,  but  not  for  resale),  at 
£1  Is.  each,  by  application  to  Mr.  L. 
Wild,  Chief  Electrician  of  the  Laboratory. 


The  "Zed"  Fuse  System. 


Messrs.  Siemens  Bros.,  Ltd.  (Tyssen 
Street,  Dalston,  London),  send  us  par- 
ticulars of  the  *' Zed"  type  of  improved 
Cartridge  Fuses,  which,  it  is  claimed 
avoid  many  of  the  difficulties  hitherto 
experienced  with  fuses  of  this  variety. 
The  catalogue  before  us  gives  full  details 
of  the  construction  of  the  fuse  and  its 
application  on  switch  boards.  Among 
the  chief  advantages  claimed  for  "  Zed  " 
Fuses  are  : — 

All  live  parts  completely  enclosed. 

Every  cartridge  tested.  Correct  section 
and  length  of  wire  guaranteed. 

Molten  fuse-wire  remains  in  cartridge. 

Guago  ring  prevents  insertion  of 
cartridge  of  too  great  capacity. 

Entire  absence  of  '*  flash  "  or  '*  arcing." 

Can  be  replaced  with  safety  on  a  **  short 
circuit." 

Keplaced,  even  in  the  dark,  in  a  few 
seconds  witliout  tools. 

Immediate  detection  of  blown  fuse  by 
means  of  Indicating  Device. 
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Electric  Flashing  Signs  for  Shop  Windows,  &c. 


Illuminated  signs  continue  to  attract 
a  considerable  amount  of  interest,  and 
we  see  evidence  on  every  side  of  their 
extending  use.  The  arrival  of  the  bright 
illuminants  of  modern  times  was  the  signal 


Fig.  1. 


A  method  which  many  people  might 
prefer  from  the  physiological  and  also 
from  the  practical  standpoint  is  the  use 
of  transparent  signs  which  can  excite 
attention  by  their  colour  or  quaint 
lettering,  and  need  not  possess  an  exces- 
sive brilliancy.  Such  signs  are  becom- 
ing increasingly  popular,  and  some 
examples  are  shown  in  the  accompanying 
illustration  of  type  of  the  Electrical  and 
Engineering  Supplies  Co.,  Ltd.  (36,  Upper 
Thames  Street,  London,  E.G.).  The 
source  of  light  is  here  a  single  lamp 
backed  by  a  matt  white  reflecting  surface. 


for  the  multiplication  of  such  sources 
outside  shops,  the  idea  being  that  they 
attracted  attention  by  their  exceptional 
brilliancy.  The  installation  of  sources 
which  are  deliberately  "glaring'*  to  the 
eye    is    certainly    unsatisfactory,  and 


Fig.  3. 


ELECTRIC 

FOR  ALI- 


Fig.  2. 


possibly  the  tendency  towards  greater 
brightness  in  general  illumination  may  in 
time  bring  its  own  remedy,  since  bright 
lights  are  now  so  common  as  to  excite 
comparatively  little  comment. 


Another  type  of  sign  for  shop  lighting 
is  that  shown  in  Fig.  3  for  the  use  of 
which  we  are  indebted  to  Messrs.  W. 
Leonard  &  Co.  (4,  Soho  Street,  Oxford 
Street,  London,  W.).  The  sign  is  usually 
made  of  hammered  copper,  the  letters 
being  cut  out  of  the  metal  and  an  opal 
reflector  fitted  on  the  back,  which  is 
removable  for  feeding  purposes.  Such 
signs  are  intended  to  be  placed  in  the 
shop  window,  and  are  claimed  to  have 
the  advantages  of  not  of¥ending  the  eye 
by  an  undesirably  high  intrinsic 
brilliancy.  In  addition,  the  lights  placed 
behind  the  sign  may  be  arranged  to 
throw  the  lights  on  the  goods  below. 


Low  Candle-Power  Tantalum  Lamps. 


Messrs.  Siemens  Bros.,  Ltd.,  draw  our 
attention  to  the  fact  that  they  are  new 
placing  on  the  market  lO-c.-p.  tantalum 
lamps  for  pressures  of  50-60  volts  for 
either  direct  or  alternating  current, 
and  for  direct  current  only,  for  pressures 
of  65  to  120  volts. 

They  are  also  placing  on  the  market  a 
direct  current  16-c.-p.  lamp  for  140  to  160 
volt  circuits.  The  price  of  both  lamps, 
for  the  above  voltages,  will  be  2s. 

Tantalum  lamps  are  now  made  in  volt- 


ages ranging  from  20  to  240  volts  for 
ordinary  use.  Tantalum  candle  lamps 
can  also  now  be  obtained  in  voltages 
from  20  to  60  in  5  or  10  c. -p.  at  the  price  of 
2s.  each.  These  candle  lamps  are  specially 
intended  for  candelabra  fittings. 

The  efficiency  is  1*7  w^atts  per  British 
candle-power.  It  has  also  been  decided 
to  slightly  alter  the  types  of  bulb,  the 
diameter  being  rather  less,  but  the  length 
approximately  the  same. 
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CORRESPONDENCE. 


The  Calculation  of  Mean  Spherical  and  Mean  Hemispherical 
Candle-power  from  Polar  Curves  of  Light-Distribution. 

instead  of  flux  values  in  lumens,  we 
have  simply  to  divide  the  lumens  in 
the  zone  or  sum  of  zones  by  the  flux 
factor,  which  in  the  case  of  a  sphere 
is  47r,  and  in  the  case  of  a  hemisphere  27r. 


To  the  Editor  of  'The  Illuminating 
Engineer'  London. 
Dear  Sir, — The  writer  has  read  with 
interest  Mr.  Bloch's  articles  in  The 
Illuminating  Engineer,  and  noted  in  the 
article  in  the  October  edition  the 
description  of  the  methods  of  calculating 
mean  spherical  and  mean  hemi-spherical 
candle-power  from  photometric  curves. 

In  the  writer's  opinion  there  is  a 
simpler  method  of  calculating  these 
quantities  than  any  method  described 
by  Mr.  Bloch.  This  method  is  a  slight 
modification  of  the  method  given  by 
Mr.  Wolhauer  and  referred  to  by  Mr. 
Bloch.    It  is  as  follows  : — 

Measure  the  horizontal  components  of 
the  candle-power  at  the  angles  of  5,  15, 
25,  35,  45,  55,  65,  75,  and  85  degrees 
from  the  vertical,  both  in  upper  and 
lower  hemisphere,  and  add  10  per  cent 
(9J  per  cent  to  be  strictly  accurate) 
to  each  candle-power  value  thus  ob- 
tained. The  result  will  give  the  flux 
of  light  in  lumens  through  each  10° 
zone  from  0°  to  90°. 

From  these  values  the  total  flux 
through  any  number  of  10°  zones  can 
readily  be  found  by  addition  ;  the  sum 
of  all  these  values  giving  the  spherical 
flux,  the  sum  of  those  below  the  hori- 
zontal giving  the  lower  hemispherical 
flux,  and  the  sum  of  those  above  the 
horizontal  giving  the  upper  hemispheri- 
cal flux. 

If  mean  candle-power  values  are 
desired  for  each  zone  or  sum  of  zones 


The  measurement  of  the  horizontal 
components  of  the  candle-power  can 
most  easily  be  made  by  means  of  a  card 
or  sheet  of  paper  on.  the  edge  of  which 
is  marked  off  a  scale  corresponding 
to  the  candle  power  divisions  of  the 
diagram  used.  Such  a  scale  is  the 
work  of  a  moment,  and  occasions  but 
little  trouble  even  if  it  has  to  be  made 
every  time  a  set  of  measurements  is 
taken.  If,  however,  most  of  the  photo- 
m^etric  curves  to  be  investigated  are 
made  on  diagrams  having  candle- 
powder  divisions  of  the  same  size,  the 
same  scale  may  be  used  for  all  of  them. 
In  such  case  the  process  is  to  measure 
the  horizontal  components  of  the  candle- 
power  in  scale  divisions,  multiply  by 
the  candle-power  corresponding  to  a 
division,  and  add  10  per  cent  to  get 
the  flux  values. 

Very  nearly  this  same  method  of 
calculating  flux  was  discussed  in  some 
detail  by  the  writer  and  Mr.  T.  W.  Rolph 
in  the  May,  1909,  edition  of  The  Illu- 
minating Engineer  (New  York),  but 
the  method  described  in  this  article 
seems  to  the  writer  to  be  even  simpler. 

Yours  very  truly, 

J.  S.  CODMAN. 

93,  Broad  Street,  Boston,  Mass.,  U.S.A. 


Dear  Sir, — The  method  specified  by 
Mr.  Codman  in  the  above  communica- 
tion is  .  similar  to  that  proposed  by 
Wohlauer  (referred  to  in  my  article  on 
pp.  085-86  in  The  Illuminating  Engineer 
for  October,  1909),  and  docs  not  seem  to 
mc  to  lead  to  any  simplification  of  the 
process.     According  to  Mr.  Codman's 


system  the  individual  factors  to  be 
summed  are  individually  multiplied  by 
the  factor  IT,  and  the  sum  of  these 
products  subsequently  divided  by  27r 
or  47r  in  order  to  obtain  the  mean 
liemispherical  or  mean  spherical  candle- 
power,  respectively.  According  to  the 
Wohlauer  process,  on  the  other  hand, 


COREESPONDENCE. 


the  sum  of  the  terms  is  itself  multiplied 
by  the  product  of  the  two  factors 
referred  to,  which  is  naturally  more 
convenient.  I  consider  the  method 
described  by  me  on  p.  468  [loc.  cit.), 
and  illustrated  in  Fig  2  in  the  same 
article,  simpler  because  it  does  not 
require  any  squared  paper,  but  merely 
the  setting  up  of  the  polar  curve  and 
the  drawing  of  a  circle  of  10  cms. 


radius.  Moreover  the  choice  of  10  or 
20  divisions  is  to  be  recommended 
since  it  is  then  only  necessary  to 
multiply  the  sum  by  one-tenth  or 
one-twentieth  respectively,  an  opera- 
tion which  can  easily  be  carried  out 
in  one's  head.  I  am,  &c., 

Dr.  B.  Bloch 

(Berlin), 


The  Lummer  Brc 

Dear  Sir,  —  The  correspondence 
between  Mr.  A.  P.  Trotter  and  Prof.  O. 
Lummer  on  the  subject  of  the  Lummer- 
Brodhun  photometer  {Ilium.  Eng., 
Lond.  No.  Jan.  1910,  p.  67)  leads  me 
to  add  a  few  remarks  on  an  instrument 
of  this  pattern  manufactured  by  me 
(see  Jour.  f.  Gasheleuchtung ,  1894,  p.  61, 
1896,  p.  265).  This  is  provided  with 
glass  plates  which  effectually  keep  out 
the  dust  and  some  hundreds  have  been 
sent  out  and  have  invariably  given 
evidence  of  that  high  degree  of  accuracy 
characteristic  of  the  Lummer-Brodhun 
arrangement. 

Although,  as  stated  above,  the 
apparatus  is,  to  all  intents  and  purposes, 
dust-proof,  that  is  not  to  say  that  a 
deposit  may. not  gradually  form  on  the 
glass  surfaces  inside  the  photometer, 
and  such  deposits  are  indeed  inevitable 
when  the  instrument  is  used  constantly 
in  the  laboratory  of  a  gasworks.  As 
long  as  these  deposits  are  not  very 
heavy  they  cause  the  observer  no 
trouble.  They  may  cause  the  instru- 
ment to  be  slightly  unsymmetrical  in 
its  readings,  but  this  is  easily  corrected 
by  reversing  the  instrument  through 
180  degrees. 

As  a  rule  the  observer  can  himself 
clean  oif  such  deposits  after  removing 
the.  cover.  When,  however,  the  deposit 
occurs  on  the  hypotenuse-face  of  the 
prisms  they  can  only  be  effectually 
cleaned  by  separating  the  two  prism- 
faces.  This  is  a  delicate  operation 
requiring  considerable  experience  and 
dexterity  and  in  such  cases  the  instru- 
ment should  be  returned  to  the  works. 
In  this  respect  the  instrument  resembles 


ihun  Photometer. 

many  telescopes  and  binoculars,  in 
which  such  prismatic  arrangements 
occur,  and  the  fact  that  it  is  occasionally 
necessary  to  return  such  apparatus  for 
cleaning  is  not  considered  a  very 
serious  objection. 

Mr.  Trotter  explains  his  not  using  the 
Lummer-Brodhun  instrument  on  the 
ground  that  his  particular  researches 
were  mainly  concerned  with  the 
measurement  of  illumination,  and  the 
reflecting  qualities  of  various  surfaces^ 
&c.  It  is,  however,  worth  noting  that 
measurements  of  this  kind  can  also  be 
made  by  the  aid  of  the  Lummer-Brod- 
hun prismatic  arrangement.  For  ex- 
ample the  device  was  fitted  into  the 
Weber  illumination-photometer,  and 
in  my  arrangement  for  the  measurement 
of  surface- brightness  {Jour.  /.  Gas- 
heleuchtung, 1902,  p.  738  :  Gas  World, 
1892,  p.  1106).  I  notice  that  Mr.  Trotter 
does  not  mention  this  instrument  nor 
that  subsequently  described  by  me 
for  a  similar  purpose  (Jour.  f.  Gas- 
heleuchtung, 1904,  p.  917).  Both  these 
pieces  of  apparatus  are,  like  the  Trotter 

Illumination  -  Photometer,"  service- 
able for  the  measurement  of  intensity  of 
illumination,  and  in  my  description  of 
the  latter  apparatus  I  specially  men- 
tioned the  portions  of  the  Trotter  instru- 
ment which  I  have  utilized  in  my 
pattern  ;  it  would  be  gratifying  to  me 
if  Mr.  Trotter  would  make  a  similar 
reference  to  my  design. 

This  instrument  makes  use  of  the 
device  for  altering  the  intensity  of 
illumination  of  the  illuminated  surface 
which  has  been  described  by  Mr.  Trotter 
in  The  Illuminating  Engineer  for  1909 
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on  p.  800,  i.e.,  the  characteristic 
piece  attached  to  the  horizontal  spindle 
on  which  the  test  surface  rests,  and 
which  enables  an  approximately  uni- 
form scale  to  be  obtained  as  the  inclina- 
tion of  this  surface  is  adjusted.  The 
shape  of  this  support  was  exactly 
calculated  by  me  in  order  to  obtain  the 
desired  result.  If  Messrs.  Everett, 
Edgcumbe  &  Co.,  have  likewise  calcu- 


lated out  the  best  shape  they  would 
naturally  arrive  at  the  same  result,  but 
it  would  be  perhaps  more  satisfactory 
were  a  reference  made  to  the  similarity 
between  the  two  instruments. 

I,  of  course,  take  it  for  granted  that 
Mr.  Trotter  has  not  previously  had  an 
opportunity  of  hearing  of  my  apparatus. 
— Believe  me.       Yours,  &c., 

De.  H.  Kruss  (Hamburg). 


The  New  President  of  the  Illuminating  Engineering  Society 

in  the  United  States. 


We  understand  that  at  the  last  meet- 
ing of  the  New  York  section  of  the 
Illuminating  Engineering  Society  in  the 
United  States  Dr.  E.  P.  Hyde  entered 
upon  his  duties  as  the  new  President 
of  the  Society. 

Dr.  E.  P.  Hyde  will  be  well  known  to 
our  readers  as  one  who  has  done  much 
good  work  in  connection  with  illumina- 
tion and  photometry.  He  is  now  in 
charge  of  the  laboratory  of  the 
National  Electric  Light  Association  in 
the  United  States  (the  work  of  which  he 
summarized  in  an  interesting  com- 
munication at  the  Third  Annual  Con- 
vention of  the  Illuminating  Engineering 


Society  (U.S.A.)  last  year  {Ilium.  Eng., 
Lond.,  Nov.  1909). 

Dr.  Hyde  is  also  one  of  the  corres- 
ponding members  of  our  own  society, 
and  participates  in  the  discussion  on 
"  Glare,  its  Causes  and  Effects," 
published  in  this  number.  We  feel 
sure  that  our  readers  will  join  us  in 
congratulating  the  new  President  and 
wishing  him  every  success  in  his  new 
office. 

It  is  also  interesting  to  observe  that 
Mr.  V.  R.  Lansingh,  one  of  the  Vice- 
Presidents  and  Corresponding  Members 
of  our  Society,  has  been  elected  a 
Vice-President  of  the  Society  in  the 
United  States,  while  Mr.  P.  S.  Millar 
is  again  General  Secretary. 


Some  Publications  Received  during  the  past  Month.* 

The  Practical  Electricians''  Pocket  Book  and  Diary,  1910  (S.  Rentell  &  Co.  Ltd., 
36,  Maiden  Lane,  London,  W.C.    Is.  net). 


Spons'  Architects'  and  Builders'  Pocket  Price  Book,  1910  (E.  and  F.  N.  Spon,  Ltd., 
57,  Haymarket,  London,  W.,  35.  net). 


On  the  Necessity  for  the  Use  of  Colour-Names  in  a  Test  of  Colour  Blindness,  by 
F.  W.  Edridge  Green,  M.D.,  F.R.CS  ,  (Reprinted  from  Treatment,  Vol.  IX.,  No.  11, 
Jan.  190C), 


Wo  liavo  also  to  acknowledge  among  others  the  following : — American  Chemical 
Journal,  Proceedings  of  the  Am.  Institute  of  Electrical  Engineers,  AM  della  Associazone 
mettrotechnica  Italiana,  .Journal  of  the  Franklin  Institute  ',  Journal  of  the  Royal  Society 
of  Arts,  Transactions  of  the  Illuminating  Engineering  Society  {United  States),  Journal  of 
the  Society  of  Architects,  dec. 

To  some  of  these  publications  wc  hope  to  refer  in  greater  detail  shortly. 
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ILLUMINATION. 

Under  this  heading  we  may  refer 
specially  to  the  Transactions  of  the  Illu- 
minating Engineering  Society  in  the 
United  States  for  October  and  November. 
These  contain,  in  extenso,  the  interesting 
series  of  papers  presented  at  the  Third 
Annual  Convention  of  the  Society  last 
year,  which  have  previously  been  referred 
to  in  abstract  in  these  columns. 

A  number  of  journals  give  editorial 
notice  to  the  subject  of  illuminating 
engineering.  Special  mention  should  here 
be  made  of  II  Gaz  for  December,  1909, 
which  contains  a  lengthy  summary  of  the 
constitution  of  the  illuminating  (Engineering 
cSorietjj  in  this  country.  The  American 
Illuminating  Engineer  also  refers  to  the 
inaugural  meeting  of  the  Society,  and 
gives  some  extracts  from  the  British 
technical  press  bearing  on  the  subject. 
The  Journal  of  Gas  Lighting  devotes  an 
editorial  to  the  last  meeting  of  the  Society, 
when  the  subject  of  '  Glare  '  was  dis- 
cussed, and  a  number  of  other  journals 
comment  on  the  same  matter. 

Several  papers  and  articles  deal  with 
Street  Lighting.  Thus  H.  Thurston 
Owens  discusses  different  types  of  lanterns 
and  lamp  posts  in  New  York,  and  Wright- 
ington  describes  the  experiments  on 
gas  lighting  in  Boston,  U.S.A.,  giving 
interesting  particulars  of  the  different 
types  of  incandescent  gas  lamps  used. 
J.  Sumec  considers  the  question  of  the 
Best  Height  for  Street  Lamps.  In 
doing  so  he  also  discusses  the  different 
systems  of  measuring  street  illumination 
{i.e.,  whether  in  a  vertical  or  horizontal 
plane,  or  on  the  basis  of  mean  or  minimum 
illumination,  &c.).  He  prefers  to  judge 
the  effect  by  the  product  of  the  mean 
and  the  minimum  illumination  between 
two  lamp-posts.  In  conclusion  he  sug- 
gests that  the  present  often  adopted  height 
of  3'5  or  4  metres  is  too  low  ;  5-6  metres  is 
better,  but  10  metres  is  better  still. 

An  article  by  J.  W.  Conelly,  in  the 
American  Illuminating  Engineer  is  of 
interest  in  connexion  with  street  lighting. 
The  author  points  out  the  effect  of  good 
show  window  and  Street  Illumination 
IN  Attracting  Traffic  and  Custom, 
basing  his  suggestion  on  data  collected 
as  to  the  number  of  people  and  vehicles 
passing  down  certain  streets. 


As  regards  shop  lighting,  it  may  be 
noted  that  many  journals  have  referred 
to  the  recent  accidents  in  some  electric- 
ally lighted  shop  windows.  These  mis- 
haps are  attributed  partly  to  bad  work- 
manship, but  also  to  the  unfortimate 
system  sometimes  adopted  of  placing  the 
lamps  in  the  window  among,  and  quite 
close  to  inflammable  goods. 

Among  other  articles  we  may  note  the 
study  of  the  Colour  Effects  of  Dif- 
ferent Illuminants,  and  their  com- 
parison with  daylight,  contributed  by 
H.  E.  Ives  in  a  recent  Bulletin  of  the 
Bureau  of  Standards  (U.S.A.) 

J.  S.  Dow  {Illuminating  Engineer,  N.Y., 
January),  deals  with  Factory  Lighting. 
The  need  of  good  illumination,  both  from 
the  commercial  and  the  hygienic  aspect, 
is  emphasized,  and  some  particulars  are 
given  of  the  legislation  in  different 
countries  on  this  subject.  Special  stress 
is  laid  on  the  value  of  measurements  of 
illumination  as  a  record  of  the  condition 
of  lighting  in  an  interior. 

PHOTOMETRY. 

The  Electrical  World  (Jan.  6)  has  an 
interesting  General  Review  of  recent 
progress  in  this  subject,  special  emphasis 
being  placed  on  the  agreement  as  to  an 
International  Unit  of  Light.  This 
point  also  receives  attention  once  more 
in  the  Journal  fiir  Gasheleuchtung  {J.f.G., 
Jan.  15),  a  letter  from  the  Director  of  the 
Bureau  of  Standards  being  reproduced 
and  critically  examined.  In  defence  of 
the  new  unit  it  is  pointed  out  that  the  real 
custodian  of  the  unit  is  the  mean  value 
of  a  series  of  standard  glow-lamps,  and 
it  is  urged  that  this  enables  it  to  be 
maintained  to  within  one-fifth  per  cent. 
The  question  of  national  standards  of 
light  therefore  does  not  enter  in.  The 
real  German  objection,  however,  seems 
merely  based  on  the  use  of  the  word 
"  international.'^ 

A  note  in  The  Journal  of  Gas  Lighting 
(Dec.  29,  1909)  refers  to  a  patent  of  H 
Chapman  on  A  Radiometric  Photo 
METER.  This  appears  to  depend  on  the 
radiometer  principle,  and  is  only  intended 
for  the  comparison  of  lights  of  the  same 
spectral  composition. 

B.  Monasch  {E.T.Z.,  Dec.  30,  1909) 
criticizes  the  types  of  Portable  "  Photo- 
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3IETEBS  "  FOR  Glow-lamps  based  solely 
on  the  measurement  of  power  or  current. 
Such  instruments  may  serve  as  a  rough 
indication  of  the  difference  in  efficiency 
of  carbon  and  metallic  filament  lamps, 
but  are  very  imreliable  for  the  com- 
parison of  different  types  of  metallic 
filament  lamps  with  one  another. 

R.  Stiglep  {J.f.G.,  Jan.  15.,  abstract) 
points  out  the  physiological  conception 
of  the  brightness  of  two  illuminated 
surfaces  depends  on  the  part  of  the  retina 
on  which  the  images  of  these  surfaces 
are  received.  He  also  advocates  bino- 
cular vision.  The  author  is  also  stated 
in  this  abstract  to  have  devised  a  system 
of  measurement  on  which,  however, 
nothing  is  here  said. 

ELECTRIC  LIGHTING, 

As  usual  a  number  of  articles  deal  with 
the  properties  of  metallic  filament  lamps, 
Eor  example,  F  H.  Lavender  describes 
a  series  of  tests  on  different  types  {Elec- 
trical Review,  Dec.  31,  1909).  L.  Crouch 
and  C.  Cheneveau  describe  experiments 
on  the  connexion  between  the  Tempeba- 
TURE  OF  Incandescence  and  the  be- 
haviour of  different  metallic  filaments. 
In  both  cases  lists  of  the  estimated 
temperatures  are  given,  but  it  is  pointed 
out  that  there  is  considerable  uncer- 
tainty of  the  determination  of  these  high 
temperatures.  The  relation  between  light 
And  temperature,  and  the  characteristic 
curves  connecting  watts,  volts,  tempera- 
ture, &c.,  are  worked  out.  Other  articles 
deal  with  the  manufacture  of  metallic 
filaments.  Electrical  Engineering  (Jan.  6) 
refers  to  the  B.T.H.  claim  of  the  master 
patent  on  the  drawing  of  filaments  from 
ductile  tungsten  alloys. 

The  Mazda  timgsten  lamp  is  a  new 
type  of  high  candle-power,  consimiing 
about  250  watts  {Electrical  World,  N.Y., 
Jan.  18).  It  is  anticipated  that  this 
lamp  will  tend  to  replace  small  arc  lamps 
consuming  about  350  watts,  and  stated 
to  yield  about  1200  "  nominal  "  candle- 
power. 

There  are  also  articles  by  Wedding 
and  others  on  new  types  of  flame  arcs 
and  Hrabowski  {E.T.Z.,  Jan.  6)  describes 
an  interesting  new  form  of  reflector, 
which  is  partly  metallic  and  partly 
prismatic,  for  use  with  these  lamps.  It 
is  said  to  improve  the  distribution  of 
light  for  street  illumination  and  to  reduce 
the  tendency  to  glare. 

Among  other  articles  of  a  general 
nature  wo  note  in  a  recent  number  of 
Electrical  Engineering  the  interesting 
d(!scription  of  some  (!l(;ctrical  effects  at 
Dniry  Lanci  Theatre,  and  a  descrij)tion 
of  the  now  theatre  in  New  York  {lilectrical 
World,  N.Y.,  Jan.  6). 


A.  D.  Rockwell  {Elec,  Rev.,  N.Y., 
Jan.  8)  refers  to  the  value  of  light  in 
medicine.  Rays  of  short  wave-length 
are  useful  for  treating  skin  effects,  but 
have  little  penetrating  power.  Visible 
rays,  however,  are  useful  in  inducing 
perspiration,  &c. 

Lastly  we  may  mention  a  note  of  the 
use  of  the  mercury  vapour  lamp  for 
sterilizing  liquids  {Revue  Mectrique,  Nov. 
30,  1909).  It  is  suggested  that  the  rays 
from  this  lamp  produce  oxygenization, 
and  that  this  has  a  sterilizing  effect  on 
liquids  such  as  milk,  cider,  &c. 

GAS,   OIL,  ACETYLENE,  LIGHTING,  &c. 

The  new  year  numbers  of  the  gas 
journals  contain  interesting  summaries 
of  developments  during  1909.  Special 
reference  may  be  made  to  the  Retrospect 
in  The  Journal  of  Gas  Lighting  (Dec.  28, 
1909.) 

Among  recent  papers  read  at  technical 
societies,  &c.,  we  note  that  of  Fletcher 
on  Incandescent  Gas  Lighting  {J.G.L., 
Jan.  11  ;  G.W.,  Jan.  15).  The  author 
describes  a  number  of  different  types 
of  burners,  and  discusses  their  advantages 
and  drawbacks.  He  suggests  that  the 
plan  of  heating  the  air  before  it  actually 
arrives  at  the  outlet  of  an  inverted 
burner  is  on  the  whole  not  beneficial, 
and  states  that  the  deterioration  in  the 
ilhrniinating  power  of  incandescent  gas 
lamps  is  usually  due  to  want  of  care  for 
the  burner  rather  than  faihu-e  in  the 
mantle.  Some  mantles,  of  a  poor  class, 
however,  shrink  away  from  the  flame 
after  a  few  hours  burning. 

A  lecture  of  Prof.  Y.  Lewes  is  repro- 
duced dealing  with  the  well-known 
Acetylene  Theory  of  Luminosity, 
according  to  which  the  luminous  appear- 
ance of  a  hydro -carbon  flame  is  to  be 
ascribed  to  the  formation  and  decom- 
position of  acetylene  therein.  Reference 
is  also  made  to  the  tests  of  Lux  on  the 
requisite  amoimt  of  Cerium  in  Mantles, 
which  were  alluded  to  in  a  previous  review. 

Among  articles  of  a  general  nature  we 
note  that  of  Lansingh  and  Rolph,  dealing 
generally  with  gas  lighting.  Apart  from 
its  intrinsic  merits,  the  paper  is  interesting 
as  having  been  read  at  a  joint  meeting  of 
the  Illuminating  Engineering  Society 
and  the  National  Commercial  Gas  Asso- 
ciation in  the  United  States.  The  paper 
deals  with  a  number  of  problems  in 
lighting  in  a  readable  and  lucid  manner, 
and  figures  are  given  for  the  intensity 
of  ilhimination  required  for  the  different 
conditions.  The  authors  seem  to  suggest 
that  there  is  at  present  no  recognized 
system  of  desk  lighting  which  can  be 
considered  entirely  satisfactory. 
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A  paper  by  C.  N.  Starmard,  reported 
in  The  Am.  Gas  Light  Journal,  is  also  of 
exceptional  interest.  The  author  dis- 
cusses the  conditions  enjoyed  by  a  light- 
ing company  which  controls  both  gas  and 
electricity,  and  considers  how  the  differ- 
ent fields  should  be  allocated  between  the 
two  systems.  He  ■  arrives  at  the  con- 
clusion that  heating  should  be  surrendered 
exclusively  to  gas  while  electricity  should 


be  encouraged  for  the  lighting  of  all  but 
the  poorer  class  of  premises. 

The  Zeitschrift  fur  Beleuchtungswesen 
contains  a  note  of  an  interesting  small 
type  of  burner  which  is  claimed  to  have 
a  smaller  consumption  than  any  other  in 
existence.  The  lamp  consumes  19  litres 
(0*67  cubic  feet)  per  hour,  and  is  stated 
to  give  16  candle-power* 
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Editorial.   The  Present  Status  of  Photometry  {Elec.  World,  N.  Y.,  Jan.  6). 

Monasch,  B.   Ueber  Gliihlampenprtifer  {E.  T.  Z.,  Dec.  30,  1909). 

JStigler,  R.   Ueber  den  physiologischen  Proportionalitatsfactor  nebst  Angabe  einer  neuer  subjektiven 
Photometriermethode  (/./.  G.,  Jan.  15). 
The  Measurement  of  Candle  Power  and  Illumination  {G.  W.,  Jan.  15). 
Nochmals  die  Internationale  Kerze  (/./.  G.,  Jan.  15). 

ELECTRIC  LIGHTING. 

Arbeiter,  M.   Eine  Beleuchtungsanlage  durch  Benzoldynamos  {Eleh  u.  Masch,  Jan.  23). 
Cady,  W.  G.  and  Vinal,  G.  W.   The  Electric  Arc  between  Metallic  Electrodes  {Electrician,  Dec.  3, 
1909). 

Cheneveau,  C.    ^Itudes  Recents  sur  les  lam  pes  k  filament  Metallique  {La.  Revue  Electrique,  Jan.  15). 
Crouch,  L.    The  Determination  of  the  Temperature  of  the  Filaments  of  Incandescent  Lamps  {Elec. 
Rev.,  Jan.  7,  14). 

Editorials.   Tungsten  Lamps  in  Automobile  Service,    {Elec.  Rev.,  N.Y.  Jan.  15.) 
Oradenwitz.   Tantalum  lamps  for  Ship  Lighting  {Elec.  Rev.,  Jan.  15). 
•Hrabowski,  K.   Neuer  Totalreflektor  fiir  Flammenbogenlampen  {E.T.Z.,  Jan.  6). 
Ives.  H.  E.   White  Light  from  the  Mercury  Arc  and  its  Complimentary  {Bidl.  Bureau  of  Standards, 
Nov.  1909). 

Lavender,  F.  H.   Research  on  Metallic  Filament  Lamps  {Elec.  Rev.,  Dec.  31,  1909). 
Phillips,  C.  T.    Tungsten  Lamps  for  Residence  Illumination  {Elec,  Rev.,  N.Y.,  Jan.  8). 
Rockwell,  A.  D.  The  Incandescent  and  Arclight  in  Medicine  {Elec.  Rev.  N.Y.,  Jan.  ,8.,  Elec.  Eng., 
Jan.  28). 

Schoonmaker,  N.M.   The  Electrical  Equipment  of  the  New  Theatre,  New  York  {Elec.  World.  N.Y., 
Jan.  6). 

Weedon,  AV.  E.   The  Titanium  Arc  {Electrician.  Jan.  14). 

Wedding,  W.   Fortschritte  in  dem  Bau  von  Bogenlampen  {E.T.Z.,  Jan.  13). 

Electric  Lighting  and  Illuminating  Engineering  during  1909  {Elec.  Rev.  N.Y.,  Jan.  1). 

Income  from  Street  Lighting  {Elec.  Rev.  N.Y.,  Jan.  8). 

Die  Herstellung  der  Metallfaden  {Z.fB.,  Jan.  20). 

The  Use  ot  the  Mercury  Vapour  Lamp  for  Sterilising  Liquids  {Rev.  Electrique,  Nov.  30, 

1909,  Elec.  Rev..  N.Y.,  Jan.  8). 
The  Lighting  of  the  Chicago  Stock  Show  {Elec.  Rev..  N.Y.,  Jan.  8). 
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Elec.  Effects  at  Drury  Lane  Theatre  {Elec.  Engineering^  Jan.  13). 
-  Electric  Lighting  for  Small  Consumers  {Electrician,  Jan.  2L  Elec.  Engineering,  Jan.  20)^ 

The  '^azda'  Tungsten  Lamps  {Elec.  World,  Jan.  18). 
The  Fc.  ter  Mutiple  Carbon  Flame  Arclamp  {Elec.  Engineering,  Jan.  6). 
A  Ne  w  Flame- Arc  {Elec.  Magazine,  Jan. ) 

The  Manufacture  of  Tungsten  Filaments  {Elec.  Engineering,  Jan.  6). 
OAS,  OIL,  AND  ACETYLENE  LIGHTING. 

Brusch,  R.   Acetylen  im  Konkurrenzkampfe  mit  Gasbeleuchtung  {Z.f.  B.,  Jan.  20). 
Carter,  H.  A.   Air  Gas  Lighting  {J.  G.  L.,  Dec.  28,  1909,  Acetylene.  Jan.,  1910). 
Editorials.    A  Retrospect  (./.  G.  L.,  Dec.  28,  1909). 

The  Secret  of  the  Mantle  {O.  W.,  Dec.  25, 1909). 
Fletcher.    Incandescent  Gaslighting  ((?.  ^F,  Jan.  1.5, 6^. Jan.  11). 

Lansingh,  V.  R.,  and  Rowe,  E.  B.  Modern  Gaslighting  in  the  Store,  Office,  and  Home.  Paper  read  at 
a  joint  meeting  of  the  Illuminating  Engineering  Society  and  the  National  Commer- 
cial Gas  Association  in  the  United  States  {Am.  Gmlight  Journal,  Jan.  3). 

Lewes,  Prof.  V.   The  Acetylene  Theory  of  Luminosity  {Acetylene,  Jan.,  G.  W.,  Jan.  8). 

Lux.   Cer]a  in  Incandescent  Mantles  {G:  W.,  Jan.  1). 

Marmier,  L,.   A  propos  de  rj^olairage  des  petits  Villes  {Rev.  des  Eclairages,  Jan.  15). 
Stannard,  C.  N.   The  best  Policy  to  be  followed  in  towns  where  gas  and  electricity  supply  are  under 
the  same  management  {Am.  Gaslight  'lour.,  Dec.  27). 

Strassburg  Gas  Works  and  Supply  (J.  G.  L.,  Jan.  18). 

'J'he  "  Rapid"  Light  Controller  {G.  W.,  Dec.  25). 

Relev<§s  Statistiques  des  Renseignements   recueillis  snr  Vingt  Mille  Installations 

d' Acetylene  {Bev.  des  Eclairages,  Dec.  30.). 
Ein  Mikro-easgliihlicht  Brenner  {Z.  f.  B.,  Jan.  10). 
Spiritusgliihlichtlampe  {Z.f.  B.,  Jan.  10). 

Fifth  Annual  Meeting  of  the  National  Commercial  Gas  Association  (ii?ec.  ^ev.,  T", 
Dec.  25,  1909). 

CONTRACTIONS  USED. 
E.  T.  Z.—Elektrotechnische  Zeitschrift. 
G.  W.—Gas  World. 

Ilium.  Eng.,  1<I.Y.— Illuminating  Engineer  of  New  York. 
J.  G.  h.— Journal  of  Gaslighting. 

J.  f.  G. — Journal /iir  Gasbeleuchtung  tmd  Wasserversorgung. 
Z.  f.  B.—Zeitschri/t  fiir  Beleuchtungswesen. 


"The  Illuminating  Engineering  Co.,  Ltd."— A  Somewhat 

Fanciful  Title ! 


We  have  received  a  notice  of  a  recently- 
formed  company  styling  itself  "  The 
Illuminating  Engineering  Co.,  Ltd.," 
which  was  registered  on  Jan.  10th,  with 
a  capital  of  £10,000  in  £1  shares.  The 
business  of  the  company  is  stated  to  be 
the  acquiring  of  patent  rights  in  an 
invention  for  improvements  in  apparatus 
for  lighting  and  extinguishing  gas.  The 
first  directors  are  G.  R.  Gill,  J.  S.  Pollock, 
and  C.  E.  Harrison. 

We  need  hardly  say  that  this  company 
has  no  connexion  whatever  with  The 
Illuminating  Engineering  Publishing  Co., 
nor  with  the  Illuminating  Engineering 
Society.  The  title  hardly  seems  to 
describe  in  an  adequate  manner  the 
business  of  the  company,  for  the  sale  of 
apparatus  for  lighting  and  extinguishing 


gas  can  only  be  considered  a  remote  and 
subsidiary  branch  of  the  wide  field  of 
illuminating  engineering.  As  has  fre- 
quently been  stated  in  these  columns 
and  has  been  pointed  out  by  the  Illu- 
minating Engineering  Society,  the  in- 
discriminate use  of  the  terms  "  illu- 
minating engineering  ^'  and  "  illuminating 
engineer  is  very  undesirable  at  the 
present  stage,  and  there  are  at  present 
few  in  this  country  in  a  position  to  term, 
themselves  illuminating  engineers.  As 
far  as  we  know  none  of  the  directors  of 
this  company  have  taken  any  part  in 
connexion  with  the  illuminating  engineer- 
ing movement,  and  it  will  be  interesting 
to  watch  how  far  their  t-cheme  of  opera- 
tions is  in  agreement  with  the  name 
they  have  seen  fit  to  adopt. 


ALFRED  BARNE3, 

PRETORIA,  TRANSVAAL, 

Dealer  in 

Minerals  and  Mineral  Properties. 

P.O.  Box  556. 
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EDITORIAL. 


THE  FIRST  ANNIVERSARY  DINNER  OF 

^be  JUumtnattuG  Bngtneenn^ 
Society* 

(Founded  in  London,  1909.) 

On  Thursday,  February  10th,  the 
first  anniversary  dinner  of  "  The  Illu- 
minating Engineering  Society "  was 
held  at  the  Criterion  Restaurant, 
London,  W. 

It  is  interesting  to  recall  that  just 
a  year  ago  a  dinner  was  held  at  the 
same  restaurant  for  the  purpose  of 
embarking  upon  the  formation  of  this 
Society.  At  the  conclusion  of  this 
dinner  about  30  members  were  enrolled 
— a  number  that  has  now  been  increased 
to  over  20 

But  perhaps  it  was  even  more  grati- 
fying to  observe  the  representative 
character  of  the  gathering  at  this 
last  dinner,  and  the  evidence  of  in- 
fluential sympathy  and  support  afforded 
by  the  speeches  of  those  who  were 
present. 


The  Illuminating  Engineering 
Society,  as  a  young  body,  has  every 
reason  to  be  grateful  for  the  sympathy 
of  older  organizations.  To  receive  the 
influential  support  of  representatives 
of  so  many  of  the  older  distinguished 
societies  was  a  most  satisfactory  con- 
firmation of  the  value  of  our  aims  and 
the  work  so  far  accomplished. 

Yet  such  support  is  in  a  sense  only 
the  natural  consequence  of  the  pro- 
gramme of  The  Illuminating  Engi- 
neering, Society.  For,  as  its  sup- 
porters have  pointed  out  from  the  very 
commencement  of  the  movement,  the 
ideals  of  illuminating  engineering  can 
be  summed  up  in  the  word  "  co-opera- 
tion." No  single  individual,  no  society 
even,  can  pretend  to  have  a  monopoly 
of  knowledge  ;  we  must  rely  upon  the 
good-will  and  co-operation  of  those  who 
have  made  a  special  study  of  certain 
fields  of  knowledge. 

For  details  of  the  speeches  of  the 
various  distinguished  representatives 
of  the  many  Societies  who  took  part, 
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we  must  refer  our  readers  to  the 
account  of  this  dinner  on  p.  193.  We 
need  only  take  this  opportunity  of 
repeating  the  welcome  of  the  Society 
extended  to  them  on  that  occasion 
and  our  appreciation  of  their  sym- 
pathetic attitude.  A  special  acknow- 
ledgment is,  however,  due  to  Sir  Henry 
Trueman  Wood  who  very  kindly  con- 
sented to  take  the  chair  at  such  short 
notice. 

A  gratifying  and  interesting  item  in 
the  proceedings  was  the  reading  of 
the  letters  received  from  Sir  Joseph 
Swan,  Sir  Wm.  Preece,  and  Prof.  A.  G. 
Vernon  Harcourt,  consenting  to  act 
as  the  first  honorary  members  of  the 
Society.  The  presence  of  Prof.  Vernon 
Harcourt  on  this  occasion  was  very 
highly  appreciated. 

Glare,  its  Causes  and  Effects. 

On  page  169  of  the  present  number, 
readers  will  find  an  account  of  the 
discussion  on  the  above  subject  at 
the  last  meeting  of  the  Society  on 
February  15th.  On  this  occasion,  the 
more  familiar  and  practical  aspects  of 
the  subject  were  dealt  with,  and  the 
meeting  was  of  a  very  interesting 
and  representative  character  (though 
we  may  say,  in  passing,  that  we  should 
like  to  have  seen  more  representatives 
of  the  gas  industry  present,  to  parti- 
cipate in  this  discussion). 

It  was  freely  admitted  that  prac- 
tically all  the  sources  of  the  present 
day,  when  placed  so  that  their 
rays  fall  direct  on  the  eye,  cause  a 
painful  and  prejudicial  effect.  This 
possibility  we  must  therefore  avoid. 
We  may  do  soby  introducing  a  dif- 
fusing globe  or  screen  cutting  down 
the  intrinsic  brilliancy  to  the  desired 
value,  or  in  some  cases  by  so 
placing  the  source  a  considerable 
distance  away  that  the  eye  will  never, 
or,  at  least,  rarely,  be  able  to  receive 
the  direct  rays.  In  addition  it  is 
necessary  to  make  special  provision  to 
prevent  the  possibility  of  reflected 
light  from  shiny  surfaces  coming  into 
the  ej^e,  and  so  interfering  with  vision. 


As  regards  the  maximum  permissible 
intrinsic  brilliancy  of  sources  which 
are  liable  to  be  exposed  to  the  eye, 
there  is  some  difference  in  opinion, 
but,  on  the  whole,  surprisingly  good 
agreement.    The  figure  suggested  by 
Dr.  Stockhausen  is  about  4*5  candle 
power  per  square  inch.  That  advocated 
by  Prof.  L.  Weber  and  Dr.  Louis  Bell 
about  2^  candle  power  per  square  inch, 
while  Mr.  A.  P.  Trotter  also  thinks 
that  a  value  in  this  neighbourhood 
would  be  satisfactory.     On  the  other 
hand  it  may  be  recalled  that  a  few 
workers,  like  Mr.  J.  E.  Woodwell,  have 
considered   even  lower  figures  desir- 
able,  and   the   last  named,   at  the 
Second  Convention  of  the  American 
Illuminating  Engineering  Society  in  | 
1908,  thought  that  0*2  candle  power  , 
per  square  inch  was  not  too  low  a 
limit. 

This   general    recognition   of  the 
nature  and  causes  of  "Glare," and  of  the* 
need  for  special  precautions  to  avoid  it, 
is  in  itself  evidence  of  a  welcome  change  ■ 
of  view  during  the  last  few  years.  , 
There  still  remain  many  questions  of  \ 
detail  which  are  not  completely  under-  ■ 
Suood  and  require  further  study,  but 
we  believe  that  meanwhile  this  collec- 
tion of  opinions  on   the  subject  of 
"  Glare  "  will  have  a  very  influential 
effect  in  drawing  the  attention  of  the 
public  to  the  matter,  and  will  stimulate 
the  desire  for  more  scientific  methods 
of  illumination. 

In  passing  it  is  interesting  to  note 
that  Mr.  W.  M.  Mordey  referred  in  the 
course  of  his  remarks  to  the  illumina- 
tion of  the  new  home  of  the  Institution 
of  Electrical  Engineers  and  stated  that 
the  council  were  bearing  in  mind  the 
desirability  of  avoiding  anything  in  the 
nature  of  glare.  We  are  very  glad  to 
have  his  assurance  that  this  is  the  case 
and  hope  to  learn  shortly  exactly  what 
steps  are  being  taken  in  this  direction. 
The  system  of  lighting  to  be  adopted 
in  the  new  home  of  the  Institution  has  ! 
heen  the  subject  of  much  speculation 
and  we  have  several  times  had  , 
enquiries  addressed  to  us  on  tiie  sub-'  i 
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ject.  It  is  certainly  to  be  desired  that 
the  best  advice  should  be  received  in 
order  that  the  Illumination  may  be 
worthy  of  its  surroundings. 

The  discussions  on  the  subject  of 
"  Grlare  "  at  the  meetings  of  the  Society 
terminated  on  February  15th.  It  was 
resolved,  however,  to  appoint  an  In- 
ternational Committee  to  consider  the 
subject  further.  Meantime  we  should 
like  to  mention  that  our  columns  are 
open  to  any  of  our  contributors  who 
would  like  to  comment  therein  on  the 
communications  so  far  published. 

A  Central  Authority  to  Deal  with 
Public  Lightins. 

We  observe  that  Mr.  Corbet  Woodall, 
at  a  recent  meeting  of  the  Gras  Light 
&  Coke  Company,  referred  to  the  need 
for  some  central  body  to  deal  with  the 
vexed  question  of  public  lighting.  He 
mentioned  several  cases  in  which  the 
decisions  of  local  authorities  on  this 
subject  had  given  rise  to  dissatisfaction, 
aad  remarked  that  this  is  a  matter 
which  calls  for  prompt  and  searching  in- 
vestigation. He  proceeded  to  suggest 
that  a  suitable  Commission  should  be 
appointed  either  by  the  Treasury,  or 
the  Local  Grovernment  Board  or  the 
Board  of  Trade  — -  neither  of  which 
bodies,  he  added,  appears  to  possess 
adequate  power  to  deal  with  the  matter 
at  present. 

This  is  a  suggestion  which  has  been 
put  forward  in  these  columns  on 
several  occasions  in  the  past,  and  we 
are  glad  to  see  that  the  need  for  such 
an  advisory  authority  is  becoming 
increasingly  recognized.  We  have 
always  pointed  out  (see  The  Illumina- 
ting Engineer,  Lond.,  1908,  Vol.  I., 
page  532,  Vol.  II.,  1909,  page  579) 
that  the  illumination  of  streets  and 
public  buildings  is  a  matter  which 
deserves  scientific  treatment  on  its 
;  own  merits  and  that  it  should  be  kept 
'  as  far  as  possible  independent  from 
outside  considerations. 

There  is  a  great  need  for  some 
central  authority  whose  decision  would 
I  carry  the  necessary  weight.     But  to 


be  of  any  value,  as  we  pointed  out  in 
one  of  the  notes  mentioned  above, 
"  The  impartial  and  technical  standard 
of  such  body  must  be  beyond  question, 
and  the  commercial  interests  must  be 
well  balanced." 

We  have  also  pointed  out  that  such 
a  central  authority  need  not  necessarily 
possess  the  power  to  interfere  unwar- 
rantably in  local  decisions.  It  would, 
however,  serve  as  an  authority  to  whom 
appeal  could  be  made  in  case  of  dis- 
pute. It  would  also  undertake  a 
special  study  of  public  lighting,  and 
be  prepared  to  supply  information  and 
advice  when  they  were  needed.  We, 
therefore,  hope  that  the  necessary 
steps  will  be  taken  in  the  direc- 
tion which  Mr.  Corbet  Woodall  sug- 
gests, and  that  we  may  see — what 
both  electrical  and  gas  representatives, 
we  feel  confident,  now  desire — some 
attempt  to  lift  the  subject  from  the 
level  of  embittered  controversy  to 
temperate  and  scientific  discussion. 

Indeed,  so  important,  from  the 
standpoint  of  public  health  and  con- 
venience, are  all  the  various  aspects  of 
illumination  now  felt  to  be,  that  the 
appointment  of  a  Royal  Commission, 
to  deal  with  the  matter  on  a  broader 
basis,  might  even  be  suggested. 

The  Gas  Industry  and  Illu- 
minating: Eng^ineering:. 

In  several  of  our  previous  numbers 
we  expressed  our  desire  to  see  the 
gas  industry  taking  a  greater  interest 
in  the  illuminating  engineering  move- 
ment, and  we  confidently  believe  that 
oar  expectations  and  desires  in  this 
direction  will  be  fulfilled.  We  have 
already  seen  in  the  United  States  how 
many  gas  experts  are  now  taking  a 
keen  interest  in  the  proceedings  of  the 
Illuminating  Engineering  Society  in 
that  country. 

We  may  also  refer  to  the  criticism 
which  was  recently  levelled  against  our 
American  contemporary.  The  Illu- 
minating Engineer  of  New  York 
(and  to  which  that  journal  has  since 
replied  in  very  judicious  terms),  to 
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the   effect  that  it   did   not  devote 
sufficient  space  to  gas.    We  think 
that  those  who  make  this  criticism 
forget  that  gas  lighting,  in  spite  of  its 
vitality  and  recent  progress,  is  after  all 
now  a  thoroughly  established  and  per- 
manent system  which  has  met  with 
and  overcome  most  of  its  difficulties, 
while  electricity  is  still  in  the  process 
of  development.    Naturally,  therefore, 
we  must  expect  that  for  a  time  there 
may  be  more  researches  on  electric 
lighting  to  record.    A  study  of  the 
gas  journals   of   the    present  time 
supports  this  supposition.    Even  here 
we  find  that,  as  a  rule,  only  a  com- 
paratively  small    space    is  devoted 
to   information  on  really  novel  and 
scientific  developments  in  connection 
with  lighting.    Naturally,  therefore,  a 
journal  which  seeks  to  deal  with  all 
illuminants  cannot  be  expected  to  do 
more — bearing  in  mind  the  limited 
space  available.    After  all,  it  must  be 
remembered   that   problems  in  illu- 
mination which  are  common  to  all 
methods  of  lighting  in  themselves  often 
form  an  extensive  field  for  study. 

But  in  any  case  it  is  evident  that 
the  matter  rests  very  largely  with 
the  gas  engineers  themselves.  Our 
contemporary  in  New  York,  like  our- 
selves, is,  we  feel  sure,  only  too 
willing  to  deal  with  particulars  of  the 
latest  developments,  but,  with  a  few 
gifted  exceptions,  it  is  not  very  easy 
to  find  contributors  who  have  at  once 
the  requisite  knowledge  of  the  subject, 
and  the  leisure  to  write.  In  other 
words,  the  really  able  man  in  this 
field  is  unfortunately  often  too  fully 
occupied  with  business  to  undertake 
literary  work.  We  can  only  reiterate 
our  desire  to  do  full  justice  to  any 
information  of  scientific  value  that  is 
forthcoming  on  the  subject  and  renew 
our  invitation  to  authorities  to  keep 
us  fully  informed. 


The  Measurement  of  Lig^ht  and 
Illumination. 

The  next  two  meetings  of  the 
Illuminating  Engineering  Society  are 
to  be  devoted  to  a  discussion  on  recent 
developments  in  the  measurement  of 
light  and  illumination.  On  page  168 
will  be  found  a  list  of  queries  which 
have  been  prepared  in  order  to  suggest 
a  few  matters  which  might  profitably 
be  dealt  with  in  these  discussions.  It 
should,  of  course,  be  understood  that 
the  list  is  not  intended  to  be  in  any 
way  exhaustive. 

It  will  be  observed  the  ground 
covered  by  these  enquiries  is  again 
very  extensive,  and  it  may  be  found 
impossible  to  answer  them  fully 
in  the  time  at  our  disposal.  Should 
this  be  found  to  be  the  case,  however, 
we  need  not  be  greatly  concerned  ;  the 
mere  issue  of  such  suggestions  will 
help  to  stimulate  enquiry  and  to 
illustrate  how  much  there  is  yet  to 
be  known  on  these  subjects.  We  may, 
therefore,  hope  that  they  will  be 
beneficial,  and  that  many  things  on 
which  we  are  not  able  to  speak 
definitely  at  present,  will  become 
clearer  in  the  future. 

It  has  also  been  found  desirable  to 
allow  two  evenings  for  these  dis- 
cussions and,  as  in  the  case  of  the 
discussions  on  "  Grlare,"  to  aim  at  the 
treatment  of  the  more  direct  applica- 
Hons  on  the  second  evening.  We 
hope  that  the  subject  will  give  rise  to 
an  interesting  discussion,  and  that  it 
will  help  to  suggest  lines  of  profitable 
research. 

The  question  of  the  measurement 
of  Light  and  Illumination  like  that 
with  which  the  Society  has  been 
dealing,  goes  to  the  very  root  of 
successful  illuminating  engineering, 
and  we  trust  that  we  shall,  as  before, 
receive  an  exhaustive  series  of  con- 
tributions in  writing  from  those  who 
are  unable  to  be  present  on  this 
occasion.  Leon  Gaster. 
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Mr.  A.  P.  Trotter  (p.  151)  now  con- 
siders the  direction  which  the  test 
plane  in  a  photometer  should  face, 
when  measurements  are  being  carried 
out  in  the  streets  ;  he  also  discusses  the 
relative  advantages  of  Measurement 
.  IN  Horizontal  Planes,  in  the  Verti- 
cal, OR  at  45  Degrees.  He  also  says 
a  few  words  regarding  the  value  of 
coloured  screens  in  photometry,  re- 
ferring particularly  to  the  use  of  the 
Principles  of  "  Crova."  In  this 
method  screens,  dyed  a  yellow  colour, 
are  employed  and  intended  to  secure 
approximately  the  same  coloured  light 
on  both  photometric  surfaces  ;  allow- 
ance being  made  for  the  light  absorbed 
by  the  coloured  surfaces. 

Dr.  W.  Coblentz  (p.  155)  having  con- 
cluded the  portion  of  his  article  dealing 
with  the  "  grey  body,"  now  proceeds 
to  the  discussion  of  the  Spectra  of 
Incandescent  Metals  and  Non- 
Metals,  Oxides,  &c.  ;  he  gives  illustra- 
tions of  the  radiation  curves  obtained 
from  the  metal  osmium  and  the  oxides 
used  in  incandescent  mantles. 

The  above  article  is  followed  by  two 
of  a  shorter  nature.    The  first  deals 
with  an  interesting  suggestion  of  the 
Illumination   of   the   Whole  of 
London  by  a  single  source,  in  the 
eighteenth  century.    An  illustration  is 
given  of  the  suggested  arrangements 
which  involve  the  use  of  a  powerful 
lamp  and  chimney  surrounded  by  a 
series  of  parabolic  glass  reflectors. 
On  p.  162  will  be  found  particulars 
I  of  a  modification  in  the  System  of 
I  Lighting   at   the   Patent  Office 
I   (London).    This  consists  in  the  addi- 
tion of  table  lamps  for  the  benefit  of 
I  readers  which  are  provided  with  Holo- 
phane  reflectors  terminating  in  card- 
,  board  shades  at  the  base  so  as  to  con- 
j  centrate  the  light  on  the  tables,  but  to 


completely  screen  the  eyes  of  the 
readers.  Following  this  will  be  found 
a  short  account  of  the  recent  lecture 
by  Mr.  A.  Angold  dealing  with  Develop- 
ments IN  Modern  Arc  Lamps. 

A  full  account  is  given  of  the  dis- 
cussion at  the  last  meeting  of  XTbC 

SllutmnatinG  Bngineenng  Society 

of  Feb.  15th  on  the  subject  of  "  Glare 
AND  its  Causes  and  Effects  "  (p.  168). 
On  this  occasion  the  discussion  was 
opened  by  Mr.  A.  P.  Trotter,  who 
described  an  instrument  for  measuring 
the  contraction  of  the  pupil  when  ex- 
posed to  an  illuminant.  Mr.  Trotter 
also  discussed  the  question  of  the  per- 
missible intrinsic  brilliancy  of  sources, 
and  thought  that  the  surface-brightness 
of  a  candle,  viz.,  about  2*5  candle- 
power  per  square  inch,  might  be 
regarded  as  a  reasonable  limit. 

Mr.  J.  H.  A.  Baugh  showed  some 
experiments  illustrating  the  effects  of 
different  kinds  of  globes  and  their 
effect  in  causing  glare. 

Mr.  W.  R.  Cooper  thought  that  glare 
was  generally  a  matter  of  contrast, 
and  referred  to  the  necessity  of  study- 
ing the  question  imposed  by  the 
principles  of  the  metallic  filament 
lamps.  He  also  referred  to  several 
examples  of  illumination  of  buildings 
in  which  glare  w^as  very  noticeable. 

Mr.  W.  M.  Mordey  referred  to  the 
unpleasant  effect  of  bright  lamps 
placed  against  dark  backgrounds  and 
said  that  in  the  illumination  of  the  new- 
building  of  the  Institution  of  Electrical 
Engineers  special  precautions  should 
be  taken  to  avoid  glare. 

Mr.  Haydn  T.  Harrison  also  empha- 
sized the  painful  effect  of  excessive 
contrast,  and  referred  to  the  possi- 
bility of  reducing  glare  in  street  light- 
ing by  the  use  of  suitable  reflectors. 
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Mr.  L.  Gaster  mentioned  a  number  of 
instances  such  as  schools,  libraries,  &c., 
in  AVhich  it  was  very  desirable  to  avoid 
glare.  Finally  he  read  out  a  resolution 
suggesting  that  an  international  com- 
mittee should  be  formed  to  clear  up 
points  which  were  still  in  dispute. 

In  closing  the  discussion  The  Presi- 
dent, Professor  S.   P.  Thompson, 

D.Sc,  F.R.S.,  referred  to  the  number 
of  different  factors,  in  connection  with 
the  behaviour  of  the  lens  of  the  eye  and 
the  retina,  which  affected  the  sensation 
of  glare,  and  said  that  he  believed  the 
international  commission  suggested 
might  be  very  beneficial. 

Some  further  communications  from 
foreign  members  will  be  found  on 
p.  178.  The  exhaustive  discussion  by 
Dr.  K.  Stockhausen  (Dresden)  is  con- 
tinued. In  the  present  section  he 
gives  fuller  details  of  the  effect  of  ultra- 
violet light  on  eyesight,  and  he  also 
discusses  the  best  method  of  measuring 
intrinsic  brilliancy.  A  distinction  he 
says  should  be  drawn  between  horizontal 
and  spherical  values.  Turning  to  prac- 
tical applications,  he  criticises  the 
existing  methods  of  street  and  shop 
lighting  and  advocates  that  an  Inter- 
national Commission  should  be  appoin- 
ted to  collect  information  on  the  subject 
of  Glare  and  to  reconcile  the  views  of 
different  authorities. 

Dr.  H.  Lux  (Berlin)  (p.  184)  also 
deals  with  the  measurement  of  intrinsic 
brilliancy,  and  describes  a  piece  of 
apparatus  which,  he  suggests,  enables 
this  quantity  to  be  determined  with 
much  greater  exactitude  than  the 
methods  hitherto  proposed. 

Professor  A.  Grau  (Vienna)  empha- 
sizes the  parts  played  by  intrinsic 
brilliancy  and  excessive  contrast,  in 
causing  glare,  but  thinks  that  the 
ultra-violet  rays  contribute  but  slightly 
to  this  effect  (p.  186.) 

A  communication  from  Messrs. 
Korting  &  Mathieson  (Berlin)  will  be 
found  on  j).  187  in  which  the  question 
of  glare  is  discussed  in  much  detail  and 
the  practical  possibilities  in  the  way  of 
av()iding  it  in  different  types  of  in- 
teriors are  considered.  The  method  of 
inverted  lighting  with  arc  lamps  is 


recommended,  but  in  some  cases, 
nevertheless,  direct  or  semi-indirect 
systems  are  desirable. 

On  p.  168  will  be  found  a  series  of 
queries  on  the  subject  of  Recent 
Developments  in  the  Measurement 
OF  Light  and  Illumination,  which 
is  to  form  the  subject  of  the  discussion*^ 
at  the  next  meeting  of  the  Illuminat- 
ing Engineering  Society  on  March  15th. 

Following  this  notice  will  be  found 
an  account  of  the  First  Anniver- 
sary Dinner  of  the  Illuminating 
Engineering  Society,  which  was  held 
at  the  Criterion  Restaurant,  London, 
W.,  on  February  10th,  1910  (p.  193). 
In  the  absence  of  the  President  the 
chair  was  taken  by  Sir  Henry  Trueman 
Wood,  and  distinguished  representa- 
tives of  the  Institution  of  Gas  and 
Electrical  Engineers,  the  Royal  Sanitary 
Institute,  the  Physiological  Society,  the 
Home  Office,  the  Electrical  Contractors' 
Association,  &c.,  were  present.  A  full 
account  is  given  of  the  various  toasts 
proposed  on  this  occasion,  and  the 
speeches  expressing  appreciation  of  the 
aims  and  objects  of  the  Illuminating 
Engineering  Society.  Sympathy  was 
expressed  with  the  desire  of  the  Society 
to  secure  full  co-operation  on  behalf 
of  older  bodies.  A  special  item  of 
interest  was  the  announcement  that 
Sir  William  Preece,  Sir  Joseph  Swan, 
and  Professor  A.  G.  Yernon  Harcourt 
had  consented  to  become  the  first 
Honorary  Members  of  the  Society, 

Among  other  articles  we  may  men- 
tion that  of  Mons.  A.  Guiselin  (p.203), 
who  describes  some  experiments  on  the 
value  of  different  kinds  of  Petroleum 
FOR  Illuminating  Purposes.  He 
finds  that  the  relative  vaule  of  different 
kinds  of  oil  depends  very  greatly  on  the 
kind  of  burner  with  which  the  test  is 
made. 

An  article  entitled  'The  Magic 
Electric  Home  '  (p.  165)  contains  an 
interesting  description  of  a  small  house 
illuminated  electrically  by  special  fix- 
tures and  novel  illuminating  devices. 

At  the  end  of  this  number  will  bo 
found  the  Trade  Notes  and  the  usual 
Review  of  the  Technical  Press. 
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l^e  Editor^  while  not  soliciting  contributio7is,  is  willi7ig  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  inteiided  for  inclusion  in  the 
correspondence  columns  of '  The  Illuminating  Engineer.^ 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors J\ 

Illumination,  Its  Distribution  and  Measurement. 

By  a.  p.  Trotter, 
Electrical  Adviser  to  the  Board  of  Trade, 


{Continued  from 

Direction  of  the  Test  Plane. — Instead 
of  going  back  to  describe  some  of  the 
illumination  photometers  which  were 
invented  during  the  development  of 
my  instrument,  it  would  be  natural,  to 
go  on  to  that  of  Mr.  Haydn  Harrison, 
who,  having  used  one  of  my  earlier 
patterns,  has  modified  it  in  several 
respects  and  has  produced  his  own 
photometer.  One  of  his  chief  modifi- 
cations was  the  abandoning  of  the 
horizontal  screen,  and  the  employment 
of  one  set  at  45°  in  the  instrument,  but 
always  used  directly  facing  a  lamp. 
He  has  recently  added  a  horizontal 
screen  which  he  finds  necessary  for 
certain  purposes.  This  raises  the  ques- 
tion of  the  direction  in  which  illumina- 
tion should  in  general  be  measured, 
or  to  put  it  more  explicitly,  the  position 
of  the  plane  on  which  the  illumination 
to  be  measured  is  received. 

M.  Wybauw  of  Brussels,  one  of  the 
earhest  writers  on  the  distribution  of 
illumination,  contributed  to  the  corre- 
spondence on  my  paper  of  1892  to  the 
Proceedings  of  the  Institution  of  Civil 
Engineers.* 

He  criticised  my  treatment  of  the 
subject,  and  stated  that  :  "It  was 
not  important  in  practice  to  know 
the  illumination  of  any  portion  of 
a  horizontal  surface.  The  useful  effect 
which  a  source  of  illumination  could 
produce  at  the  place  under  consideration 
should  be  ascertained.  Particular  data, 
such  as  horizontality  of  the  surface, 
should,  therefore,  not  be  introduced 

*  Vol.  ex.,  p.  147. 


p.  82,  Vol.  III.) 

into  the  calculations.  It  was  desirable 
to  assume  any  body  whatever,  having 
any  kinds  of  faces — horizontal,  vertical, 
or  inclined — ^in  the  given  position ; 
better  still,  a  spherical  material  point." 
M.  Wybauw  added  that  "  the  useful 
effect  of  the  illumination  produced 
by  a  ray  of  light  should  be  considered 
as  quite  independent  of  the  bodies  or 
surfaces  upon  which  it  fell.  To  deal 
exclusively  with  the  useful  effects  pro- 
duced  upon  the  horizontal  faces  of 
bodies,  and  to  neglect  those  upon  the 
vertical  or  inclined  faces,  was  to 
commit  an  obvious  error.  It  was  the 
sum  of  all  those  effects  which  con- 
stituted the  real  value  of  the  illumin- 
ation furnished  by  the  source  of  light." 

Against  this  view,  the  opinion  of  Herr 
L.  Bloch*  of  Berlin  may  be  quoted. 
Writing  of  calculations  and  of  measure- 
ment of  illumination,  he  says  :  "  The 
figures  in  question  must  refer  either 
to  the  horizontal  intensity,  i.e.,  the 
brightness  on  a  horizontal  plane  in 
lux  (metre-candles)  or  in  the  vertical 
light  intensity,  i.e.,  the  brightness  on 
a  vertical  plane  in  lux.  If  we  regard 
it  as  the  main  purpose  of  street  illumin- 
ation to  enable  us  to  recognise  objects 
on  the  groundj  or  to  read  a  letter  or  a 
map  of  the  city,  &c.,  then  the  horizontal 
intensity  is  to  be  considered  ;  if,  how- 
ever, we  wish  to  be  able  to  distinguish, 
for  instance,  the  faces  of  approaching 
people,  the  vertical  intensity  is  to  be 

*  Elektrotechnische  Zeitschrift,  May  24, 1906, 
and  the  Illuminating  Engineer  oj  New  Yorky 
Vol.  I,  p.  580. 
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taken  into  consideration.  Both  points 
of  view  are  of  equal  Aveight ;  hence 
other  reasons  must  decide  it.  But 
the  horizontal  intensity  has  the  decided 
advantage  because  it  gives  in  all  places 
on  the  ground  only  one  simple  value  ; 
while  vertical  intensity  may  have 
several  entirely  different  values  for  the 
same  place,  according  to  the  direction 
in  which  the  vertical  plane  faces.  The 
face  of  a  person  may  be  very  brightly 
illuminated  if  it  is  turned  towards  the 
next  lantern  ;  but  if  that  person  should 
turn  his  back  towards  the  lantern  his 
face  might  no  longer  be  distinguishable, 
although  he  still  remains  in  the  same 
place,  since  the  other  lanterns  are 
comparatively  far  away  from  him. 
Hence  the  vertical  intensity  is  not 
suitable  for  judging  street  illumination, 
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Fig.  110. 

as  it  gives  no  single  value  ;  it  is  better 
to  neglect  it,  since  when  the  horizontal 
intensity  is  sufficiently  great,  there  is 
also  sufficient  illumination  with  respect 
to  vertical  intensity." 

The  last  sentence  of  this  extract 
from  Herr  Bloch's  article  expresses 
in  other  words  my  reply  to  M.  Wybauw's 
criticisms.  I  referred  to  a  diagram 
which  has  been  produced  as  Fig.  43*  in 
these  articles,  and  pointed  out  that  the 
tliree  curves,  cos''  0  (for  a  plane  always 
facing  tlie  hglit),  cos'''  6  x  sin  6  (for  a 
vertical  plane),  and  cos''  6  (for  a 
liorizontal  plane)  ran  fairly  together, 
and  that  I  liad  taken  tlie  lowest  one. 

Turning  from  tJie  theoretical  to  tlie 
practical  way  of  regarding  tliis  question, 

*  Vol.  I.,  p.  626. 


it  is  clearly  possible  for  anybody  who 
has  a  suitable  instrument,  to  measure 
illumination  with  the  screen  set  at  any 
desired  position.  Mr.  Roger  T.  Smith 
of  the  Great  Western  Railway,  soon 
after  providing  himself  with  one  of  my 
illumination  photometers,  made  some 
tests  of  illumination  with  the  screen  set 
vertical.  His  results  are  shown  in 
Fig.  110.  The  curve  H  represents 
the  illumination  received  on  a  horizon- 
tal screen,  N  on  a  vertical  screen, 
facing  north,  S  on  a  screen  facing  south, 
E  and  W  on  screens  facing  east  and  west. 

There  is  very  little  difference  between 
the  mean  of  the  illuminations  on  the 
vertical  planes  at  the  point  midway 
between  the  two  lamps,  and  the 
illumination  of  the  horizontal  plane  at 
that  point.  At  20  ft.  from  the  East 
lamp  the  mean  of  the  four  vertical 
measurements  is  '575  foot-candle,  while 
the  horizontal  illumination  is  '68. 
But  the  paradox  is  to  be  found  im- 
mediately below  the  lamp,  where  its 
own  illumination  on  a  vertical  plane 
disappears,  and  the  four  measurements, 
having  a  mean  of  0*27  are  due  to  the 
light  received  from  distant  lamps.  At 
this  spot,  the  most  brilliant  illumination 
of  all,  namely,  that  due  to  the  lamp 
overhead,  is  found  on  the  horizontal 
plane.  If  these  four  sets  of  tests  of 
vertical  screens  facing  north,  south, 
east,  and  west,  are  to  be  taken  as 
measuring  the  illumination  of  this  part 
of  Paddington  Station,  what  is  to  be 
done  with  them  ?  Not  even  a  dancing 
dervish  can  enjoy  them  all  at  once. 
It  may  be  safely  asserted  that  if  the 
illumination  received  on  a  horizontal 
plane  is  good,  the  general  illumination 
will  be  sufficient. 

Two  reasons  seemed  to  have  weighed 
with  Mr.  Haydn  Harrison  for  inclining 
his  screen  at  45°,  and  using  it,  generally 
facing  a  lamp.  One  of  these  is  the 
difficulty  of  measuring  feeble  illumina- 
tions, and  the  other,  that  he  really 
wishes  to  measure  candle-power  in  the 
first  place,  and  is  content  to  calculate 
the  illumination  due  to  each  lamp  and 
to  add  these  together. 

The  difficulty  of  measuring  feeble 
illuminations  lias  been  alluded  to. 
Thinking  that  my  records  of  measure- 
ments of  0  006  foot-candle  in  1892 
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might  have  been  due  to  the  enthusiasm 
of  inexperience,  I  have  asked  Mr.  A.  A. 
Voysey,  who  has  used  my  photometer 
for  official  tests  in  the  City  of  London, 
for  his  experience  of  the  measurement  of 
feeble  illuminations.  He  tells  me  that 
with  the  earlier  pattern  illustrated  in 
Figs.  93  and  94  he  has  recorded  readings 
as  low  as  0*003,  with  a  note  that  they 
were  roughly  estimated,  but  he  has 
frequently  taken  readings  of  0  01  to 
0'007  and  has  regarded  them  as 
sufficiently  correct.  With  the  Everett, 
Edgcumbe  pattern  he  considers  0*02  is 
the  lowest  practical  reading,  but  sees  no 
reason  why  it  should  not  be  altered 
to  read  lower,  though  he  doubts  if  it  is 
necessary.  This  testimony  is  interesting 
because  Mr.  Voysey  advocates  a  speci- 
fied minimum  of  0*05  foot- candle  for 
the  lighting  of  side  streets.  At  these 
low  illuminations,  not  only  does  the 
Purkinje  effect  have  full  play,  rendering 
any  photometric  tests  of  doubtful 
accuracy,  but  much  of  the  illumination 
is  due  to  reflection  from  neighbouring 
buildings. 

The  Use  of  Coloured  Screens. — When 
the  colour  of  the  light  received  on  the 
perforated  screen  differs  from  the  colour 
of  the  small  lamp  which  illuminates  the 
moveable  screen,  there  is  some  difficulty 
in  making  an  approximate  balance,  and 
a  considerable  difficulty  in  making  an 
accurate  one.  But  the  difficulty  is  not 
so  great  as  at  first  sight  appears.  Of 
course,  it  is  of  no  use  to  search  for  a 
position  of  the  handle  in  which  the  slot 
disappears.  When  the  best  possible 
balance  has  been  made  the  colours  are 
as  apparent  as  ever,  but  the  question 
is.  Can  the  balance  of  brightness  be 
improved  ?  Turning  the  handle  one 
way  makes  the  slot  manifestly  brighter 
than  the  screen,  and  turning  it  the 
other  way  clearly  darkens  the  slot. 
The  handle  should  be  turned  quickly 
with  decreasing  range,  and  should  then 
be  stopped  at  about  the  middle  position. 
With  a  little  practice  it  is  easy  to 
reproduce  the  balance  within  3  or  4 
per  cent.  Some  people  find  a  greater 
difficulty  with  coloured  lights  than 
others,  and  those  who  are  accustomed 
to  fairly  exact  photometric  work  with 
.  lights  of  similar  colour  are  among  those 
j  who  complain  most  of  the  uncertainty. 


If  the  light  to  be  measured  is  yellow, 
as  that  of  most  flame  arc  lamps,  one  of  a 
set  of  yellow  moveable  screens  may  bo 
used  in  the  photometer,  or  the  per- 
forated screen  may  be  bluish.  The 
former  has  the  effect  of  reducing  the 
range  of  the  instrument  and  the  latter  of 
increasing  it.  It  is  then  easy  to  obtain 
a  balance,  but  it  only  evades  the  diffi- 
culty during  work,  and  it  is  necessary  to 
find  the  coefficient  applicable  to  each 
screen  at  leisure  in  the  laboratory  from 
the  mean  of  a  number  of  tests  or  by 
some  other  method  unsuitable  for  out- 
door work.  It  is  possible  to  colour  a 
pair  of  screens  which  counteract  each 
other,  but  such  a  pair  give  a  perfect 
match  only  for  one  kind  of  light. 
Messrs.  Everett,  Edgcumbe  &  Co. 
have  supplied  such  screens  with  my 
photometer,  but  they  find  that  most 
workers  prefer  to  use  white  screens. 
For  the  measurement  of  daylight  a 
yellow  perforated  screen  is  necessary. 

So  far,  the  use  of  yellow  screens  has 
been  suggested  merely  for  the  purpose 
of  bringing  the  illumination  of  the 
bluer  light  to  match  the  yellower,  but 
such  screens  have  another  advantage, 
and  one  based  on  a  different  principle. 
When  a  body  becomes  incandescent, 
red  light  is  the  first  to  appear,  and 
is  followed  by  orange,  yellow,  green 
blue,  and  finally  violet  light.  Crova 
found  that  if  the  rate  of  increase  of  any 
one  of  these  colours  be  watched  in  a 
spectroscope,  only  one  of  them  appears 
to  increase  at  the  same  rate  as  the  total 
luminous  radiation.  This  colour  is  in 
the  yellowish  green.  He  suggested  the 
use  of  a  glass  tank  containing  a  coloured 
chemical  solution  which  would  cut 
off  all  light  except  that  of  the  particular 
colour.  But  this  cuts  off  so  much  light 
that  the  method  is  almost  useless  for 
ordinary  purposes.  His  principle  has 
a  sound  scientific  basis,  and  I  propose  to 
return  to  the  subject  of  colour  photo- 
metry after  I  have  carried  out  certain 
experiments.  It  is  sufficient  to  say  at 
present  that  since  the  difficulty  is  really 
not  so  very  great  it  is  enough  to  apply 
the  Crova  principle  partially,  and  to  use 
a  yellow  tint  both  for  the  iimer  move- 
able and  for  the  outer  perforated  screen. 

The  range  of  an  illumination  photo- 
meter may  be  increased  by  tinting  the 
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perforated  screen  or  test  plate  with  a 
neutral  grey.  Place  the  instrument  so 
that  it  receives  an  illumination  of  3 
foot-candles.  Take  an  artist's  stump 
and  some  fine  charcoal  powder,  and 
lightly  rub  the  screen.  The  slot  will  of 
course  appear  brighter.  Turn  the 
handle  back  to  obtain  a  balance,  and 
proceed  cautiously  shade  by  shade 
until  the  pointer  indicates  1*5.  The 
range  is  then  doubled.  If  the  screen  is 
darkened  until  a  balance  is  obtained  at 
0'6,  the  range  is  5  times  as  great,  and 

(To  be  c 


it  may  be  pushed  until  the  reading  is  0-3, 
when  the  range  is  increased  10  times. 
With  such  a  screen  no  accurate  work 
at  feeble  illumination  can  be  done. 
For  permanent  use  the  tint  should  be 
imitated  with  Indian  ink.  In  the  case 
of  a  white  screen  it  is  easy  to  see  if  it 
has  become  soiled,  but  discolouration 
of  a  tinted  screen  can  only  be  detected 
by  test.  When  I  was  using  the  in- 
strument illustrated  in  Fig.  92  I  carried 
half-a-dozen  screens  of  different  tints 
and  colours. 

ntinued.) 


Illumination  at  the 

On  Thursday,  Feb.  17th,  Professor 
S.  P.  Thompson,  D.Sc,  F.R.S.,  de- 
livered the  first  of  his  series  of  three 
lectures  on  the  subject  of  '  Illumination, 
Natural  and  Artificial.' 

The  first  lecture  dealt  largely  with 
photometry,  standards  of  light,  and 
radiation.  Some  specially  effective  ex- 
periments were  shown  illustrating,  on  a 
large  scale  easily  appreciated  by  the 
audience,  various  forms  of  photo- 
meters, such  as  the  simple  Ritchie 
wedge,  the  "  grid  "  and  slot  "  photo- 
meters, and  the  Joly  paraffin-block 
apparatus.  Even  the  Lummer-Brod- 
hun  arrangement  was  exhibited  to  the 
audience  by  the  ingenious  device  of 
forming  an  image  of  the  illuminated 
field  of  view,  by  means  of  the  tele- 


Royal  Institution. 

scope  lens,  on  a  sheet  of  paper  held 
outside  the  photometer.    Some  refer- 
ence was  also  made  to  the  different 
qualities  of  light  from  different  illumin- 
ants  and  a  table  exhibited  showing  the 
relative  proportions  of  red,  green,  and 
blue  in  the  spectra  of  different  sources.  , 
Another  series  of  lectures  is  being  \ 
delivered  on  Saturday  afternoons  by  j 
Prof.  Sir  J.  J.  Thomson,  M.A.,  D.Sc,  ; 
F.R.S.,  &c.,  on  the   electro-magnetic  -I 
theory  of  light.    A  number  of  experi- 
ments were  shown  by  the  lecturer 
illustrating  the  wave-properties  of  light, 
the  formation  of  nodes  by  interference, 
and  other  phenomena  generally  re- 
garded   as    characteristic    of  wave- 
motion. 


More  Experiments  c 

We  understand  that  at  a  meeting  of  the 
Common  Council,  held  on  Thursday, 
February  17th,  the  Chairman  of  the 
Streets  Committee  submitted  a  report 
with  regard  to  further  experiments 
on  the  lighting  of  thoroughfares  in  the 
City  of  London.  Offers  were  sub- 
mitted from  the  City  of  London  Elec- 
tric Ligliting  Co.,  and  the  Gas  Lighting 
&  Coke  Co.,  to  carry  out  further 
experiments.  The  report  was  adopted 
without  discussion  and  the  Committee 
decided  to  make  arrangements  for  the 
lighting  of  a  number  oi  thoroughfares. 
This  is  so  far  satisfactory  in  that 


a  the  City  Lighting. 

it  shows  that  the  Committee  proposes 
to  utilise  the  experiences  of  their 
Continental  tours.  We  have,  how- 
ever, a  recollection  of  so  many  efforts 
of  this  kind  in  the  past  not  apparently 
leading  to  any  conclusive  result,  and 
we  should  like  to  inquire  once  more 
what  the  actual  object  of  these 
experiments  is  to  be  ?  We  hope  that 
in  conducting  these  experiments  the 
Committee  have  a  very  clear  con- 
ception of  what  it  is  they  wish  to  find 
out,  and  that  their  researches  will  lead 
to  something  more  definite  than  in  the 
past. 
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The  Distribution  of  Energy  in  the  Spectra  of 
Commercial  lUuminants. 

By  W.  W.  COBLENTZ. 

(The  following  paper  has  been  kindly  presented  by  Dr.  W.  Coblentz,  of  the  Bureau  of  Standards,  Washington, 
.  U.S.A.,  as  a  communication  for  discussion  at  the  hands  of  %hc  illttmiltilting  (^XtQintmnq  <Socutj). 
The  paper  is  an  exceptionally  exhaustive  one,  and  will  be  continued  in  subsequent  numbers  of  this  journal.  It 
is  hoped  that  a  special  opportunity  for  discussion  will  be  provided  when  this  paper  has  been  concluded. 
Meantime  we  shall  be  glad  to  receive  any  communicated  remarks  on  the  subject,  which  we  will  subsequently 
submit  to  Dr.  Coblentz  for  final  comment.— Ed.)  ^ 

(Continued  from  p.  88.) 


Emission  Spectra  of  Metals. 

To  prove  that  osmium  shows  no 
bands  of  selective  reflection,  a  filament 
of  this  metal  was  mounted  in  a  glass 
bulb  with  a  fluorite  window.  Two 
spectral  energy  curves  are  given  in 
Fig.  4,  curves  a  and  6.  The  correspond- 
ing temperatures,  observed  with  an 
optical  pyrometer,  using  red  absorption 
glass,  were  1607°  and  2000°  K-66  /x  C. 
respectively,  while  the  computed  tem- 
peratures (on  the  assumption  that 
the  radiation  Constance  are  the  same 
as  for  platinum)  A  max.  =  1'35  and  1'2/a 
respectively)  were  1670°  C.  and  1907°  C. 
It  will  be  observed  that  the  curves 
show  no  indentations  (or  protuberances) 
such  as  will  be  noticed  presently  in  the 
electrical  insulators.  As  was  men- 
tioned in  a  previous  paper ,^  the  marked 
selective  emission  of  metals  must  fall 
in  the  visible  spectrum  since  all  metals 
(thus  far  examined)  have  a  low  reflec- 
tivity (high  absorptivity,  hence  high 
emissivity)  in  this  region  of  the  spec- 
trum. On  the  other  hand,  all  the 
metals  have  closely  the  same  reflec- 
tivity in  the  infra-red,  hence  their 
emissivity  must  be  close  the  same  in  the 
infra-red. 

Since  this  paper  is  to  some  extent 
a  commentary  on  recent  work  on 
radiation,  it  is  not  out  of  place  to 
consider  the  absorptive  (and  hence 
emissive)  properties  of  metals  in  the 
colloidal  state,  particularly  of  pla- 
tinum. Recently  Fery^  investigated  the 

I     ^  (This  Journal,  December  1909,  p.  839.) 

I     ^  Fery,  Compt.  Rend.,  148,  pp.  777,  915,  1909  J 

!  lUuviimHng  Engineer,  2,  p.  708. 


absorptive  properties  of  platinum  black, 
which  is  usually  employed  (with  soot) 
as  a  covering  for  thermocouples  and 
bolometers.  According  to  his  observa- 
tions, the  deposits  of  platinum  black 


0         1         2         3        4  5 
Wavelength. 
Fig.  4.— Radiation  from  Osmium. 


showed  a  marked  selective  reflection 
in  the  region  of  6  to  7/x.  Now  it  is 
possible  to  obtain  electrolytically  all 
sorts  of  deposits  of  so-called  "  platinum 
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black,"  varying  from  a  greenish-brown 
to  a  fairly  deep  black ;  the  former 
resulting  from  the  employment  of  an 
excessive  current  density.  The  per- 
fectly black  deposit  is  an  insulator, 
while  the  less  black  deposits  have  a 
fairly  high  conductivity,  so  that  after 
covering  a  bolometer  strip  electro- 
lytically  with  semi-metallic  greyish- 
coloured  platinum,  the  resistance  is 
decreased  by  1  per  cent  or  more.  The 
semi-metallic  greenish-black  and  grey 
deposits  would  never  be  used  in  bolo- 
meters. For  the  perfectly  black  ones 
Fery's  observations  are  practically  the 
same  as  those  of  previous  observers. 

Emission  Spectra  of  Oxides. 


who  found  that  platinum  black  absorbs 
most  in  the  long  wave-lengths  and  lamp 
black  absorbs  most  in  the  short  wave- 
lengths. It  is,  therefore,  the  custom 
to  cover  the  bolometer  with  platinum 
black  and  smoke  the  same  over  a 
candle.  Since  it  is  very  difficult  to 
obtain  a  uniform  deposit  of  platinum 
that  is  perfectly  black,  the  writer  paints 
his  bolometer  strips  (the  exposed  side) 
with  a  mixture  of  chemically  precipi- 
tated platinum  black  and  lamp  black, 
which  is  then  smoked  over  a  paraffin 
candle  containing  a  little  rosin  or 
turpentine. 


Turning  from  the  metals  in  which  the 
emissivity  is  low  (due  to  the  fact  that 


Fk;.  5.  -EiniHHion  Spectrum  of  Nernst  Glower,  a  2, 
0  -  3,  c  =  4-2,  d -  6-2,  e -  71,  and  /=  10  6  watts  respectively. 


the  absorptivity  is  low  and  the  reflec- 
tivity is  high)  to  the  non-metals,  insu- 
lators "  or  "  transparent  media,"  in 
which  the  emissivity  is  high  (due  to  the 
fact  that  the  reflectivity  is  low,  and  the 
absorptivity  is  high,  provided  the 
layer  of  the  substance  is  of  sufficient 
thickness)  we  find  an  entirely  different 
type  of  spectral  energy  distribution. 
Probably  the  most  conspicuous  example 
is  the  mixture  of  oxides  used  in  the 
Nernst  glower.  At  low  temperatures 
the  spectral  energy  distribution  con- 
sists of  two  maxims,  at  3  and  6 
respectively,  the  latter  being  the  more 
intense.  With  rise  in  temperature  the 
bands  in  the  shorter  wave-lengths 
grow  rapidly  in  intensity,  so  that  the 
region  at  6  ft  becomes  quite  insignificant 
in  comparison.  This  is  well  illustrated 
in  Fig.  5,  which  gives  the  distribution 
of  energy  in  the  spectrum  of  a  110- volt 
glower  when  operated  on.  a  =  2, 
b=z3,  c  =  4-2,  c^  =  6'2,  e  =  71,  and 
/  =  10-6  watts  respectively.  On  a  still 
greater  energy  input,  hence  higher 
temperature,  the  emissivity  increases 
at  an  enormous  rate  as  compared  with 
the  infra-red,  so  that  on  normal  opera- 
tion the  luminous  efficiency  is  very 
high,  in  spite  of  its  low  reflectivity  (high 
absorptivity  and  emissivity)  throughout 
the  spectrum.  This  is  illustrated  in 
Fig.  0,  whicli  gives  the  spectral  emis- 
sivity of  a  200- volt  glower  on  a  = 
lO'O  watts  and  h  =  102*5  watts  respec- 
tively. Curve  h  is  drawn  to  1-lOtli 
the  scale  of  curve  a.  Temperatures 
observed  with  an  optical  pyrometer 
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with  red  glasses  were  respectively 
1460°  C.  and  2055°  C.  Aside  from  its 
usefulness  as  an  illuminant,  this  form 
of  radiator  has  many  applications  in 
physical  investigations.  The  difference 
between  the  radiation  from  a  thick  rod 
of  oxide  and  the  same  material  used 
in  a  gas  mantle  will  be  noticed  on  a 
subsequent  page.  It  may  be  added  that 
not  all  solids  of  this  class  exhibit  this 
property  of  a  gradual  merging  of  the 
emission  bands  into  a  continuous 
spectrum.  For  example,  it  has  been 
found  that  silicates  of  the  feld-spar 
group  have  emission  bands  which  are 


0      123      4     5     6      7  8ri 
Wavelength. 

Fig.  6.— Emission  Spectrum  of  Nernsfc  Glower 
(a)  =  19  6  watts,  (ft)  =  102  5  watts, 
^max  =        fi  ^"^l  1'32  fx  respectively. 


as  sharp  as  those  found  in  gases  ;  and 
they  remained  sharp  up  to  the  highest 
workable  temperatures  with  no  marked 
background  of  continuous  spectrum. 
On  the  other  hand,  the  exide  of  zir- 
conium has  a  sharp  emission  band  at 
4'3  7^,  which  does  not  shift  or  broaden 
with  rise  in  temperature  (Fig.  7),  and 
remains  superposed  upon  the  back- 
ground of  continuous  spectrum  which 
goes  through  the  cycle  observed  in  the 
Nernst  glower.^  In  other  exides  the 
sharp  emission  bands  were  found  to 
,   blend  into  a  continuous  spectrum  with 

I  "  For  further  examples,  see  Bulletin,  Bureau 
I    of  StoAidards,  Vol.  5,  p.  159. 


rising  temperature.  A  remarkable 
illustration  of  the  variation  of  emis- 
sivity  with  thickness  of  the  emitting 
layer  is  found  in  the  Welsbach  gas 
mantle,  which  consists  of  99  per  cent 
thorium  oxide  and  1  per  cent  cerium 
oxide,  and  the  same  material  formed 
into  an  electrically  heated  rod,  1*2  mm. 
thick.  In  Fig.  8,  curve  a  gives  the 
spectral  energy  distribution  of  the 
electrically  heated  rod,  and  curve  h 
(data  from  Rubens)  the  energy  distri- 
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Fig.  7,  Zirconia. 

bution  of  the  gas  mantle.  The  vertical 
scale  of  the  heated  rod  is  reduced  to 
about  one-third  that  of  the  mantle. 
The  rod  was  operated  on  about  1*5  watts 
per  candle.  Rubens^  observed  that 
when  the  amount  of  cerium  oxide  ex- 
ceeded about  2  per  cent,  the  mantle 
emitted  a  great  deal  more  energy  in  the 
region  of  2  and  the  luminous  effi- 
ciency w^as  greatly  reduced,  due  to 
this  greater  emissivity  and  conse- 
quent lowering  of  the  average  tempera- 
ture of  the  mantle.  Early  writers 
held  that  the  emissivity  of  the  gas 

^  Rubens,  Ann.  der  Physik  (4)  18,  p.  72a, 
1905 ;  20,  p.  593,  1906. 


158 


THE  ILLUMINATING  ENGINEER. 


mantle  is  a  luminescence  phenomenon — 
i,e.,  there  is  radiation  in  excess  of  the 
emissivity  that  is  possible,  due  to  the 
temperature  of  the  mantle  and  to  the 
emissivity  of  the  mixture  of  oxides. 
That  the  luminosity  of  the  gas  mantle 
is  due  principally  to  thermal  radiation 
appears  from  the  following  considera- 
tion. The  temperature  of  the  Bunsen 
flame  is  about  1750°  C,  which  is  suffi- 
cient to  impart  a  temperature  of  1500° 
to  1600°  C.  to  particles  of  oxides  pro- 


perty, viz.,  its  emissivity  is  a  function 
of  the  thickness  instead  of  its  reflec- 
tivity. The  gas  is  able  to  impart  to 
it  a  high  temperature,  since  the 
quantity  of  heat  lost  by  radiation  is 
small,  due  to  the  fact  that  the  emis- 
sivity is  small  in  all  regions  except  the 
visible,  where  it  is  practically  saturated. 
Increasing  the  amount  of  ceria  in- 
creases the  effective  thickness  of  the 
radiating  layer,  and  a  more  saturated 
radiation  is  produced  in  the  infra- 
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Fig.  8,  a,  Spectral  Energy  Distribution  of  electrically  heated  rod  of  material  used  in  mantles, 
b,  Spectral  Energy  Distribution  of  incandescent  mantle. 


vided  their  emissivity  is  not  excessively 
great  in  the  infra-red.  In  the  gas 
mantle  these  conditions  are  fulfilled 
by  the  thorium  oxide  (a  white  oxide) 
which  has  a  very  small  absorptivity 
with  no  bands  of  selective  absorption, 
and  hence  well  adapted  as  a  support. 
The  cerium  oxide  is  buff  coloured, 
absorbing  the  most  in  the  violet,  blue, 
and  green,  just  as  is  true  of  copper  from 
which  it  differs  in  this  important  pro- 


red  with  a  consequent  lowering  of  the 
temperature  and  luminous  efficiency 
of  the  mantle  as  observed  by  Rubens. 
That  the  thickness  of  the  radiating 
layer  (keeping  the  quantity  of  serium 
constant)  has  considerable  effect  on  the 
efficiency  is  apparent  from  the  elec- 
trically heated  rod  where  the  infra-red 
radiation  is  far  in  excess  of  that  of  the 
gas  mantle. 

(To  he  continued.) 
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An  Utopian  Scheme  of  Streetlighting  in  the  18th  Century. 

By  An  Engineeeing  Correspondent. 


History  is  full  of  cages  of  optimistic 
inventions  which  were  intended  and 
credibly  believed  to  be  about  to  accom- 
plish wonderful  results,  but  appear  to 
us  at  the  present  day  ludicrous  in  the 
extreme.  The  history  of  lighting 
appliances  is  no  exception.  We  may 
recall  the  man  who  proposed  to  illumi- 
nate the  streets  by  the  aid  of  a  series  of 
bottles  in  which  the  light  of  a  candle  was 
reflected  over  and  over  again.  The 
inventor  reasoned  that  each  new  re- 
flection practically  constituted  a  new 
candle.  What  could  be  easier,  there- 
fore, than  to  substitute  bottles  for 
candles  ?  And  he  appears  to  have 
been  actually  successful  in  getting  his 
project  seriously  considered. 

The  present  case,  however,  is  one 
which,  from  its  lofty  aim,  should 
specially  appeal  to  us  to-day.  The 
inventor  desired  nothing  less  than  the 
concentration  of  the  innumerable 
sources  of  light  illuminating  the  streets 
of  London  in  one  powerful  unit  to 
spread  its  rays  over  the  whole  city. 
Whether  this  dream  can  ever  become 
reality  in  the  future  it  might  perhaps 
be  rash  to  prophesy.  We,  at  any  rate, 
who  have  seen  the  development  of  the 
modern  intensely  powerful  concen- 
trated sources,  hung  high  up  in  the 
streets  are  appreciably  nearer  the 
realisation  than  those  who  lived  in  the 
times  of  Mr.  Le  Fevre  the  "  ingenious 
artist  "  in  question.  It  may  be  added 
that  it  is  interesting  to  observe  that  the 
inventor  desired  to  bring  his  device  be- 
before  the  notice  of  the  Society  of  Arts, 
a  testimony  to  the  sympathetic  attitude 
of  this  society  to  illumination  even  in 
those  early  days.  The  following  letter 
is  taken  from  The  Gentleman'' s  Magazine 
(Vol.  33,  1763),  and  is  addressed  to  the 
Editor,  Mr.  Urban.  : — 

Mr.  le  Fevre,  a  very  ingenious 
artist,  having  observed  that  many 
towns  and  villages  were  so  dark  and 


dirty  in  the  winter  time,  and  the  streets 
leading  to  and  from  them  generally  so 
narrow  and  ill-paved,  as  to  make  it 
dangerous  for  strangers  to  travel 
through  them  in  the  night  ;  and  con- 
sidering, that  by  reason  of  the  poverty 
of  many  of  the  inhabitants  in  the  worst 
and  most  inconvenient  streets,  they 
could  not  be  illuminated  unless  at  the 
public  expense,  he  applied  himself  to 
contrive  such  a  kind  of  lamp  as  to  give 
light  at  small  expense,  not  only  to  a 
single  street,  but  to  a  whole  town 
provided  the  same  be  so  situated,  that  a 
proper  elevation  may  be  obtained,  on 
which  to  erect  this  lamp. 

"  As  this  ingenious  contrivance  may 
undoubtedly  be  turned  to  general 
utility,  it  is  hoped,  the  Society  of  Arts 
will  not  think  it  below  their  notice  ;  but 
that,  as  the  expense  will  be  incon- 
siderable to  such  a  body,  they  will  at 
least  make  one  trial,  on  the  success  of 
which  the  whole  community  may  then 
venture  to  proceed.  I  have  herewith 
sent  you  an  accurate  drawing  of  the 
whole,  by  which  a  model  may  be  made 
by  an  experienced  workman. 
And  am,  Sir, 

Yours,  &c. 

Explanation  of  the  Plate  (p.  161). 

"  A  B  C  D  in  the  uppermost  figure 
are  four  large  concave  paraboloids.  In 
the  lowermost  side  of  each  of  these, 
nitch  or  hollow  G  as  in  the  lateral  figure, 
to  contain  the  oil,  and  on  the  upper- 
most side  a  funnel  H  in  the  same  figure 
to  let  out  the  smoke.  These  four 
speculums  being  so  framed,  as  that  their 
funnels  should  all  unite  in  one  common 
tube,  and  placed  upon  a  pedestal,  as  in 
the  lowermost  figure,  in  the  widest  and 
highest  part  of  any  town  or  village. 

"  There  is  reason  to  believe  the  light 
will  extend  to  a  considerable  distance, 
for  the  reflexion  from  these  sort  of 
vessels  being  always  parallel  to  the 
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axis  of  the  parabola,  the  light  reflected 
from  them,  will  extend  itself  in  the  like 
direction,  by  which  means  the  places  at 
a  distance  on  each  quarter  of  the  lamp, 
will  be  better  lighted  than  those  that 
are  near  it.  If  it  be  placed  at  a  moderate 
height,  the  benefit  from  it  will  be  the 
more  general,  otherwise  the  parts  of  the 
town  that  are  most  remote  will  be 
sufliciently  lighted,  while  those  that  are 
near  will  receive  little  or  no  benefit. 

"  M.  le  Fevre,  at  first,  proposed  that 
his  vessels  should  be  made  of  tin,  and 
that  the  outward  extremities  should  be 
open  or  covered  with  glass  only,  to 
prevent  the  lights  being  extinguished 
by  the  winds  ;  but  as  there  appears  no 


difficulty  in  getting  glass-vessels  cast 
in  any  form  and  of  a  magnitude  too 
sufficient  to  answer  the  purpose,  a  more 
transparent  kind  of  glass  may  be  so 
framed  as  to  cover  like  a  drum-head, 
the  widest  extremity  of  the  vessel,  and 
the  body  of  it  may  be  of  a  coarser  sort, 
such  as  is  used  by  gardeners,  &c.  There 
appears  no  difficulty  in  contriving  a  way 
to  put  in  the  oil,  without  taking  off  the 
covering,  which  would  subject  the 
lamp  to  frequent  accidents.  The  hint 
to  the  society  is  sufficient,  which  there  is 
no  doubt  they  will  approve,  if  it  appears 
to  them  of  importance  enough  to  merit 
their  attention.  Yours,  &c," 


Utilization  of  Lamp-Posts  for  Various  Purposes. 


We  notice  in  a  recent  number  of  The 
American  Gas  Light  Journal  some  in- 
teresting remarks  on  the  uses  to  which 
gas  lamp-posts  are  now  being  put  in  the 
United  States. 

One  of  the  first  developments  con- 
sisted in  a  plan  of  attaching  letter- 
boxes to  certain  lamp-posts  in  the  City  ; 
the  postman  calling  to  collect  letters 
naturally  found  the  light  of  service. 
As  years  went  on  the  fire  brigade 
began  to  utilize  lamp-posts  for  fire 
alarms,  signal-boxes,  &c.,  and  a  little 
later  the  method  of  attaching  signs 
indicating  the  title  of  streets  to  corner 
posts  was  introduced  ;  this  latter 
device  was  naturally  of  considerable 
service  to  strangers  in  the  town. 

But  of  late  years  the  system  of 
attaching  notices  on  lamp -posts  has 
developed  in  many  directions.  For 
instance,  in  many  of  the  summer  enter- 
tainment-parks the  lamp-posts  at  tlie 
entrances  almost  resemble  Christmas 
trees — so  fully  are  they  utilized  to 
describe  the  delights  inside  !  In  addi- 
tion, the  value  of  lamps  for  advertise- 
ments   is    becoming    very  generally 


appreciated,  and  they  are  in  existence 
certain  companies  who  pay  a  certain 
sum  to  the  City  for  the  exclusive  use 
of  each  lamp  in  certain  parks  and 
streets,  &c.  Such  companies  com- 
monly draw  up  a  chart  mapping  out 
the  position  of  serviceable  districts 
which  they  sub-let  for  advertisement. 
Isolated  lamp  posts  are  in  very  little 
demand,  but  those  in  front  of  well 
patronized  shops  are  frequently  sub-let 
by  the  company  to  the  owner  of  the 
shop,  while  lamp-posts  in  the  neigh- 
bourhood of  theatres  are  also  naturally 
in  great  request. 

In  addition  it  is  now  becoming 
customary  to  use  lamp-posts  as  index 
signs  indicating  entrances,  exits,  the 
locality  of  drinking  fountains,  &c. 

One  point,  brought  out  by  our 
contemporary  is  that  this  development 
has  been  brought  about  by  the  increase 
of  brightness  in  the  modern  sources 
of  light.  Tlie  old  illuminants  were 
too  dim  to  be  of  much  service.  But 
transparent  signs,  illuminated  by  the 
powerful  lights  of  to-day,  can  be  made 
very  prominent  and  noticeable  objects. 


UTOPIAN  SCHEME  OF  STREETLIGHTING. 


Fig, 


1. — A  concentrated  source  of  light  intended  to  illuminate  the  entire  City  of  London 
(M.  le  Fevre  1763). 
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The  Lighting  of  the  Patent  Office  Library. 

By  an  Engineering  Correspondent. 


The  illustration  on  the  opposite  page 
shows  the  method  of  lighting  employed 
in  the  Patent  Office  Library  at  the 
present  time.  During  the  day  time  the 
illumination  is  derived  from  a  large 
central  skj^-light  which  provides  the 
illumination  for  the  reading  tables 
down  the  centre  of  the  room.  When 
the  artificial  lighting  of  the  building  was 
originally  arranged,  however,  a  different 
system  of  lighting  was  provided,  the 
chandeliers  being  placed  not  over  the 
central  table,  but  down  the  gangway  as 
shown  (at  this  time  there  were  no 
reading  lamps  on  the  central  table  as 
there  are  now).  The  result  was  that, 
however  necessary  such  a  system  might 
be  considered  from  the  architectural 
standpoint,  the  illumination  on  the 
reading  tables  midway  between  chande- 
liers was  extremely  poor  ;  on  the  other 
hand,  the  illumination  of  the  gangway 
immediately  beneath  the  rows  of  chan- 
deliers was  somewhat  extravagant. 

Realizing  eventually  that  some 
further  system  of  lighting  was  needed, 
the  authorities  determined  to  equip 
the  tables  with  short  standards,  each 
having  two  lamps  as  shown.  The  first 
step  was  an  installation  of  naked  lamps 
only  partially  covered  by  opal  glass 
shades.  This  was  naturally  a  very 
imperfect  arrangement,  since  the  shades 
did  not  concentrate  the  light  well  and 
the  naked  filament  was  distressing 
to  the  eyes  of  the  readers.  Strong 
representations  were,  therefore,  made 
that  some  more  scientific  system  was 
necessary,  and  it  was  decided  to  equip 
the  tables  with  lamps  with  frosted  tips 
and  Holophane  reflectors.  It  then 
transpired  that  the  height  and  position 
of  the  stand  had  been  fixed  without 
any  reference  to  the  shades  which  were 
to  be  employed.    As  a  result,  full 


advantage  could  not  be  taken  of  the 
merits  of  the  Holophane  shades,  since 
the  proper  combination  of  lamp  and 
fitting  could  not  readily  be  applied 
to  the  existing  conditions. 

As  a  compromise,  therefore,  card- 
board shades  were  fitted  at  the  base  of 
the  glass  ones  so  as  to  completely 
screen  the  lamps,  and  this  arrangement 
is  visible  in  the  illustration. 

The  present  system  has,  therefore, 
been  arrived  at  merely  by  a  series  of 
compromises.  It  is  a  great  improve- 
ment on  the  original  conditions,  though 
probably  yet  more  perfect  arrange- 
ments might  have  been  made  had  the 
whole  system  been  planned  out  with 
reference  to  the  fittings  to  be  employed. 

The  history  of  the  change  of  lighting 
in  this  building  is,  therefore,  rather 
interesting,  and  perhaps  typical  of  the 
different  considerations  which  will  occur 
in  many  public  buildings.  It  may  be 
added  that  it  was  only  after  consider- 
able delay,  and  after  the  need  of  a 
better  illumination  had  been  realized 
by  many  of  those  habitually  using  the 
library,  that  these  changes  were  made. 

In  addition,  there  still  remain  other 
points  which  might  profitably  receive 
attention.  For  example,  we  think  most 
people  would  agree  that  the  arrange- 
ments of  lighting  in  the  various  alcoves 
where  the  shelves  of  books  are  kept, 
could  be  improved.  In  such  cases 
it  is  necessary  to  illuminate  the  backs 
of  the  books  so  that  the  titles  can  be 
easily  read,  and  at  the  same  time  to 
arrange  the  sources  of  light  so  that  any- 
body searching  for  a  book  is  not  dazzled 
by  encountering  the  glare  of  naked  fila- 
ments. Wc  hope  that  this  and  other 
matters  will  receive  careful  attention 
at  the  hands  of  the  authorities  very 
shortly. 
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Pio.  1.— Illustration  of  Method  of  Lighting  the  fatfent  Office  Liljrai'y  (Lotidoii).  The  lamps 
on  the  central  tables  have  heen  recently  added* 

(Thanks  are  due  to  the  courtesy  of  the  authorities  at  the  Patent  Office  Library  for  permission  to  reproduce 
this  photograph.) 
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Modern  Arc  Lamps  and  their  Application. 

By  a.  Angold. 

{Abstract  of  Paper  read  before  the  Association  of  Engineers-in-Gharge,  London, 

on  February  Wi,  1910.) 


The  author  prefaced  his  paper  by  a 
discussion  on  the  general  physical 
principles  of  the  electric  arc,  and  the 
conditions  which  must  be  met  in  order 
to  make  the  arc  as  staple  and  luminous 
as  possible.  In  this  connection  he 
referred  to  the  use  of  a  core  both  to 
steady  the  arc  and  to  add  to  the  effi- 
ciency. In  flame  arcs  compounds  of 
the  metals  calcium  and  titanium 
are  used  to  produce  a  golden  and  white 
light  respectively.  Reference  was  also 
made  to  the  rate  at  which  flame  carbons 
burn  away  and  the  advantages  of  the 
magazine  lamp  in  which  carbons  are 
replaced  automatically  ;  the  labour  of 
trimming  is  also  very  considerably 
reduced,  as  it  is  unnecessary  to  remove 
long  waste  ends.  Another  incidental 
advantage  is  that  contact  can  be  made 
with  carbons  quite  near  the  arc,  and 
the  fall  of  pressure  along  them  thus 
reduced  to  a  minimum.  Mr.  Angold 
added  that  the  magazine  lamp  was 
trimmed  with  10  pairs  of  plain  12-inch 
carbons  and  burns  for  50  or  60  hours. 
The  same  quantity  of  metal-cored 
carbon  would  be  50  per  cent  dearer. 

The  author  also  referred  to  the 
tendency  to  try  to  run  as  many  arc 
lamps  as  possible  on  a  given  voltage. 
To  some  extent  this  was  a  gain,  but 
frequently  the  introduction  of  an  extra 
lamp  decreased  the  light  given  by  the 
others.  When  lamps  are  run  in  series 
some  form  of  automatic  cut-out  is 
needed. 

The  author  next  described  tlie  various 
types  of  simple  control,  including  the 
use  of  a  hot-wire,  which,  however,  is  apt 
gradually  to  deteriorate.    Another  form 


of  lamp  which  was  mentioned  was  the 
enclosed  lamp,  containing  two  arcs  in 
series  within  the  globe.  Such  a  lamp 
could  be  connected  directly  to  a  circuit 
of  200  to  250  volts. 

Continuing,  the  author  gave  the 
following  figure  relating  to  modern  arc 
lamps  : — 

Watt. 

For  single  enclosure  with  an 
opaline  globe..        ..        ..  .91 

Open-type  lamp  with  opaline 

globe  77 

Vertical   carbon   flame  lamp, 
using  heavily  mineralised  car- 
bon with  opaline  globe       . .  .3 
Inclined- carbon  flame  lamp  with 
opaline  globe  . .        . .  .3 

Reckoning  20  per  cent,  loss  on  the  globe 
in  all  cases. 

The  angle  of  maximum  candle- 
power  below  the  horizontal,  also  with 
opaline  globe,  is  given  as  : — 

For  single  enclosure  lamp     . .  30° 

Open  type  42° 

Vertical  carbon  flame  . .  38° 
Incline  flame  . .        . .  70° 

In  conclusion  the  author  summarized 
the  relative  advantages  of  small  arc 
lamps  and  high  candle-power  Tungsten 
incandescent  lamps.  He  added  that 
he  did  not  agree  with  the  general 
impression  that  for  street  lighting  a 
strong  horizontal  illumination  was 
needed.  Light  of  this  kind  was  apt 
to  stream  into  the  eyes  of  pedestrians, 
and  he  thought  it  was  preferable  to  use 
lamps  the  intensity  of  which,  at  small 
angles  to  horizontal,  was  comparatively 
low,  and  to  place  them  high  up  out  of 
tlie  range  of  vision. 


The  Ex-Sultan  of  Turkey  and  Illumination. 

A  recent  number  of   T.P's    Weekly  the  artificial  light  lie  needs.    At  Yildiz 

refers  to  the  preference    of  the  ex-  he  had  always  been  accustomed  to  the 

Sultan  of  Turkey  for  bright  lights.  niglitly  flare  of  4,000  gas  lamps  and 

"During  the  hist  few  weeks,"  tliis  2,000  electric  liglits.    He  liad,  in  fact, 

journal  says,  "  \\\v,  ex-Sultan  lias  fallen  a  mania  for  tliis  sort  of  illumination,  so 

almost  into  a  condition  of  melancholia,  that  now  that  he  is  reduced  to  a  few 

One  of  the  reasons  for  tliis  is  the  im-  score  of  electric  lights  in  all,  he  feels 

possibility  of  supplying  him  with  all  his  position  keenly." 
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"A  Magic  Electric  Home.'" 

Under  the  above  title  The  Edison  intended  to  attract  the  casual  passer 

Monthly  for  last  September  described  by  their  novelty. 

some  of  the  devices  of  an  amateur  As  a  matter  of  fact  it  may  be  said 

electrician  who  owns  a  small  villa  in  that,  apart  from  effects  which  might 

the  suburbs   of   Boston.    Now   that  be  considered  too  theatrical  for  the 

so  much  more  trouble  is  taken  to  keep  average  home,  the  richer  class  of  house- 

the  consumer  in  touch  with  develop-  holder  might  often  be  induced  to  make 

ments  in  gas  and  electric  lighting  there  more  liberal  use  of  light  for  decorative 


I  ic.  1. — "  Den"  and  Cosy  Coiner. 


is  every  incentive  to  companies  to  purposes  if  only  he  understood  more 
exercise  their  ingenuity  in  providing  perfectly  how  it  could  be  legitunately 
demonstrations  not  only  of  what  a  applied.  For  example,  the  sole  use  of  a 
system  of  illumination  can  do  in  the  source  of  light  is  often  taken  to  be  its 
every-day  utilitarian  respects,  but  also  use  as  a  means  of  illuminating  surround- 
in  contriving  new  and  striking  dcco-  ings.  Yet  in  many  cases  one  could 
rative  effects.  This,  of  course,  is  imagine  delicately  tinted  or  bizarre 
possibly  even  more  applicable  to  demon-  shades  providing  the  chief  raison  d'etre 
strations  in  shop  windows  which  are  of  a  source  of  light. 
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In  the  case  to  which  we  refer,  how- 
ever, the  electrician  seems  to  have 
carried  his  fancy  to  exceptional  lengths. 
Thus  the  drawing-room  is  provided 
with  a  series  of  concealed  multi- 
coloured lights  controlled  by  a  dimmer, 
by  the  aid  of^which  the  shades  of  dawn, 
midday,  and  twilight  and  moonlight 
can  be  imitated.  In  addition  quaint 
devices  are  met  at  every  hand  in  the 
rooms  visited.  Thus  the  "cozy  corner  " 
of  the  den  shown  in  Fig.  1  contains  an 
animal's  skull,  which  is  arranged  to 
wink  with  a  luminous  eye  as  the  visitor 


seen  on  the  left  of  the  piano  also  con- 
tains an  unsuspected  novelty.  It  con- 
sists of  a  miniature  theatre,  in  which 
the  eruption  of  Vesuvius  is  reproduced, 
molten  lava  and  all,  by  the  control  of 
electric  lamps;  electricity  also  raises 
and  lowers  the  curtain  at  appropriate 
moments.  The  wiring  of  the  desk 
on  the  left  hand  of  this  chest  is  also 
interesting,  wires  being  carried  through 
the  thick  posts  of  the  desk  to  the  copper 
brackets  on  each  side.  The  large 
central  shade  shown  in  Fig.  1  is  also 
unusual.    It  contains  two  tube  lights 


Fig.  2.— Music  Vum 


sits  down,  and  hammered  copper  in- 
cense burners  have  been  converted  into 
receptacles  for  small  coloured  lights 
concealed  amid  the  draperies. 

The  Japanese  umbrella  to  be  seen  in 
the  corner  of  the  music  room  (Fig.  2) 
again,  is  hung  with  electric  lights, 
which  are  concealed  in  lanterns  at 
its  four  extremities,  the  lights  being 
operated  by  a  switch  in  the  place  where 
the  handle  of  the  umbrella  usually 
terminates.  A  concealed  tubular  light, 
placed  over  the  piano,  illuminates  the 
keys   and  music.    The   chest   to  be 


each  a  couple  of  feet  long,  one  amber 
and  one  blue. 

The  fixtures  to  be  seen  in  the  dining- 
room  (Fig.  3)  are  also  striking.  From 
each  corner  of  the  room  heavy  copper 
chains  descend  and  are  stretched  so 
tight  as  only  to  sag  two  feet  from  the 
ceiling.  Through  the  centre  of  this 
chainwork  is  dropped  a  design,  attached 
to  the  same  type  of  chain,  and  resem- 
bling a  Maltese  cross  in  Flemish  oak. 
From  the  centre  of  the  cross  hangs  a 
large  dome  of  copper  polished  on  the 
inside   and  finished,  like   the  other 
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fittings  in  "  verdi,"  on  the  outside,  arrangements  described  by  The  Edison 

It  should  be  mentioned  that  the  general  Monthly.    It  may  be  added,  however, 

scheme  of  decoration  in^  the  roomjis  that  the  house  is  also  stated  to  be 

in  harmony  with  the  fittings,  being  in  exceptionally  well  provided  with  eleo- 

Flemish  oak  and  red  burlap,  with  verdi  tricalhotwater  bottles,  vacuum  cleaners, 


Fig.  3. — Special  Ornamental  Chain  Fixtures 


copper  for  trimming.    The  large  dome  and  other  up-to-date  contrivances.  And 

contains  a  cluster  of  four  lights.    Other  it  is  interesting  to  note  that  the  work 

small  lights  in  the  room  are  covered  of  installing  these  appliances  has  all 

with  blue  and  amber  shades.  been  done  by  the  ingenious  owner^^of 

^  We  have  only  attempted  to  sketch  the  house, 
above  the  main  features  of  the  lighting 


I  An  Award  for  the  Invention  of  "Euphos"  Glass. 

We  understand  that  Dr.  F.  Schanz  and  and  the   invention   of    the  Euphos 

Dr.  K.  Stockhausen  have  been  awarded  Glass.     This  seems  to  be  an  interest- 

a  large  silver  medal  by  the  Italian  ing  recognition  of  the  importance  of 

^linistry  of  Public  Education  in  recog-  the  study  of  the  Physiological  effects 

^      nition  of  their  investigations  on  the  of    light    from    the    standpoint  of 

I      efiect  of  ultra-violet  light  on  the  eye,  public  health. 

I 
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Recent  Developments  in  the  Measurement  of  Light  and 

Illumination. 


The  next  meeting  of  the  JUumilta- 

ttng  jEuGineenng  Society  will  take 

place  on  Tuesday,  March  15th,  at 
8  p.m.,  at  the  house  of  the  Royal 
Society  of  Arts  (John  Street,  Adelphi, 
London,  W.). 

On  this  occasion  there  will  be  a  dis- 
cussion on  "  Recent  Progress  in  the 
Measurement  of  Light  and  Illumina- 
tion." (Illustrated.) 

In  order  to  make  the  discussion  as 
complete  as  possible  it  is  again  hoped 
that  foreign  members  and  others  who 
are  unable  to  be  present,  will  send 
written  contributions  which  should  be 
in  the  hands  of  the  Hon.  Secretary 
(Mr.  L.  Gaster,  32,  Victoria  Street, 
London,  S.W.)  by  March  12th  at  latest. 

A  series  of  queries  on  the  subject 
has  again  been  prepared  in  order  to 
suggest  a  few  points  on  which  dis- 
cussion would  be  valuable.  Naturally 


this  list  is  only  suggestive,  and  dis- 
cussion will  also  be  welcomed  on  other 
recent  developments  in  the  subject. 

It  is  hoped  to  make  the  exhibit  of 
different  forms  of  apparatus  a  special 
feature  of  the  next  two  meetings. 

As  this  is  again  a  very  wide  subject, 
it  is  proposed  to  confine  the  discussion 
on  March  15th  mainly  to  the  measure- 
ment of  light,  and  to  the  underlying 
principles  of  the  subject,  and  to 
proceed  to  discuss  the  more  practical 
applications,  such  as  the  measure- 
ment of  illumination  in  streets,  factories 
libraries,  &c.  (see  Queries  6,  7,  8),  at  the 
meeting  of  the  Society  to  be  held  in 
April. 

Members  and  others  desiring  to 
participate  in  the  discussion  are  in- 
vited to  send  in  their  names  to  the 
Hon.  Secretary  previous  to  the 
meeting. 


List  of  Queries  ;— 


1.  Are  the  courses  of  instruction  and 
experimental  facilities  at  technical  colleges 
and  scientific  institutions  for  the  study  of 
photometry  adequate,  and  what  changes 
are  desirable  in  the  existing  methods  to 
suit  modern  requirements  ? 

2.  What  is  the  maximum  sensitiveness 
(i.e.  the  smallest  percentage  change  of 
illumination  perceptible  to  the  eye)  at 
present  obtainable  from  photometrical 
instruments  in  the  laboratory  ?  How 
should  this  sensitiveness  be  tested  and 
expressed,  and  to  what  extent  does  it 
differ  in  the  case  of  different  individuals  ? 
In  what  directions  may  improvements  be 
anticipated  in  the  future  ? 

3.  What  are  the  best  modern  methods 
of  obtaining  the  polar  curves  of  light- 
distri})ution  and  of  measuring  the  mean 
spherical  candle-power  of  different  sources, 
and  what  possibiUties  are  there  of 
sirnpUfyin^]^  and  improving  such  processes 
in  the  future  ?  What  are  the  best 
methods  of  deriving  the  mean  spherical 
or  mean  homisy)herical  candle-power  from 
such  curves  in  the  case  of  all  illuminants  ? 

4.  As  it  is  desirable  that  there  should  bo 
international  "agreement  on  the  subject  of 
the  commonly  accepted  method  of  measur- 
ing and  expressing  the  intensity  of  illu- 
minants of  all  kinds  in  order  that  results 


referring  to  different  sources  may  be 
comparable  one  with  another,  on  what 
basis  should  such  comparisons  of  illu- 
minating power  be  made,  and  what  in- 
formation should  be  included  in  a  report 
of  tests  of  this  nature  ?  Is  it  desir- 
able that  all  lights  should  be  compared 
in  terms  of  Mean  Spherical  candle-power  ? 

5.  What  is  the  best  method  of  com- 
paring the  intensity  of  modern  sources  of 
light  which  differ  in  colour  ? 

6.  What  are  the  main  qualifications  of 
an  illumination-photometer  for  practical 
work  ?  With  what  degree  of  accuracy 
can  the  illumination  in  streets  and  build- 
ings be  measured,  and  what  limits  of 
accuracy  should  at  present  be  per- 
missible ? 

7.  Discussion  of  the  exact  value  and 
significance  to  bo  attached  to  photo - 
metrical  measurements  in  streets,  and 
buildings,  and  the  possibiUty  of  framing 
and  carrying  out  a  specification  relating 
to  the  conditions  of  illumination  in  such 
cases.  To  what  authority  is  it  desirable 
that  dispute  regarding  such  specifications 
and  photometrical  measurements  should 
be  eventually  referred  ? 

8.  What  are  the  best  methods  of  study- 
ing and  measuring  daylight  illumina- 
tion ? 
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Glare,  its  Causes  and  Effects. 

Discussion  at  a  Meeting  of  the  Society  held  at  the  house  of  the  Royal  Society  of  Arts  (London)  on 

Tuesday,  February  15th,  1910.) 


The  discussion  on  the  subject  of  "  Glare: 
its  Causes  and  Effects,"  which  had  been 
opened  by  Dr.  J.  Herbert  Parsons, 
F.R.C.S.,  at  the  last  meeting  of  the 
Society,  on  January  11th,  was  re- 
sumed on  Tuesday,  February  15th,  at 
the  house  of  the  Royal  Society  of  Arts, 
the  chair  being  taken  by  the  President 
Professor  S.  P.  Thompson,  D.Sc, 
F.R.S. 

The  President  having  called  on  the 
Hon  Secretary  to  read  the  minutes  of  the 
last  meeting,  proceeded  to  explain 
that,  in  accordance  with  the  constitu- 
tion, the  Society  was  empowered  to 
nominate  each  year  as  honorary  mem- 
bers of  the  Society  three  gentlemen  who 
had  rendered  distinguished  services 
to  the  cause  of  illumination. 

The  Council  had  therefore  approached 
the  following  authorities  ;  Sir  William 
Preece,  K.C.B.,  F.R.S. ,  who  had  done 
such  valuable  pioneering  work  in  con- 
nexion with  the  measurement  of  illumi- 
nation ;  Sir  Joseph  Swan,  M.A.,  D.Sc, 
F.R.S.,  one  of  the  inventors  of  the 
electric  incandescent  lamp  ;  and  Prof. 
A.  G.  Yernon  Harcourt,  M.A.,  F.R.S., 
LL.D.,  &c.,  whose  work  in  connection 
with  photometry  and  standards  of  light 
was  justly  celebrated.  Letters  from 
Sir  William  Preece,  Sir  Joseph  Swan, 
and  Prof.  A.  G.  Vernon  Harcourt 
expressing  their  appreciation  of  the 
honour  of  becoming  Hon.  Members  of 
the  Illuminating  Engineering  Society 
were  then  read  by  the  Hon.  Secretary, 
as  follows : — 

Dear  Mr.  Gaster, — I  am  very 
sensible  of  the  honour  which  the 
Illuminating  Engineering  Society  do  me 
by  inviting  me  to  become  one  of  their 
first  Honorary  Members,  and  I  have 
much  pleasure  in  accepting  their 
nomination. 

Will  you  kindly  convey  to  your 


President  and  Council  my  warm  appre- 
ciation and  thanks. 

Yours  sincerely, 

J.  W.  Swan. 

Dear  Gaster, — The  proposal  to 
make  me  an  Honorary  Member  is  very 
gratifying  and  I  appreciate  it  very 
much. 

I  accept  the  honour  with  great 
pleasure.       Yours  very  truly, 

W.  H.  Preece. 

Gentlemen, — ^I  accept  with  thanks 
the  honour  you  offer  me  of  becoming  an 
honorary  member  of  the  Illuminating 
Engineering  Society. 

I  am,  yours  faithfully, 
A.  Vernon  Harcourt. 
The  President  and  the  Hon.  Secretary 
of  the  Illuminating  Engineering 
Society. 

The  President  then  called  on  the 
Hon.  Secretary  to  read  again  the  list 
of  names  submitted  for  membership 
at  the  last  meeting  of  the  Society  who 
would  now  formally  become  members, 
The  Hon.  Secretary  then  read  the  list 
of  names*  of  these  gentlemen,  who  were 
subsequently  declared  members  of  the 
Society.  The  Hon.  Secretary  also  read 
out  the  names  of  the  following  gentle- 
men whose  names  had  been  submitted 
to,  and  approved  by  the  Council  for 
membership  since  the  last  meeting  on 
January  11th  : — 

Ordinary  Members. — Dr.  W.  M.  Bay- 
liss,  M.A.,  D.Sc.  (Oxon.),  F.R.S.,  Prof. 
W.  C.  Clinton,  Prof.  R.  M.  Walmesley, 
D.Sc,  F.R.S.E.,  &c..  Dr.  W.  J.  M. 
Ettles,  M.D.,  Ch.M.,  F.R.C.S.E.,  Mr. 
R.  M.  Palowkar,  Mr.  J.  H.  E.  Hart, 
Mr.  H.  J.  Taylor,  Mr.  A.  A.  Ernst. 

Corresponding  Members.  —  Prof.  A. 
Grau  (Vienna),  Dr.  H.  Lux  (Berlin). 

*  See  The  Illuminating  Engineer^  Feb.,  1910, 
p.  131. 
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The  President  then  explained  that 
the  last  meeting  of  the  Society  had  been 
mainly  devoted  to  the  physiological 
aspects  of  "  Glare,"  and  that  on  the 
present  occasion  it  was  proposed  to  deal 
mainly  with  the  more  familiar  applica- 
tions of  the  subject.  He  then  called 
upon  Mr.  A.  P.  Trotter  to  open  the 
discussion. 

Mr.  A.  P.  Trotter  then  resumed  the 
discussion  on  "  Glare,  its  Causes  and 
its  Effects,"  which  was  opened  at  the 
previous  meeting.  The  speaker  said 
that  he  understood  that  the  discussion 
that  evening  was  to  be  mainly  practical, 
but  he  would  first  like  to  deal  with  a 
physiological  point.  At  the  previous 
meeting  the  President  had  set  them  a 
problem,  viz.,  whether  the  contraction 
of  the  iris,  which  caused  a  reduction  in 
the  area  of  the  pupil  was  due  to  light 
entering  the  pupil,  or  to  light  falling  on 


be'about  80  mm.  on  the  scale.  When 
a  bright  lamp  in  front  of  the  eye  was 
switched  on,  the  image  contracted  to 
about  60  mm.  By  a  slight  motion  of 
the  rod  it  was  possible  entirely  to 
obscure  the  filament  of  the  lamp,  but 
there  did  not  appear  to  be  any  material 
relaxation  of  the  pupil — not  5  per  cent. 
It  seemed,  therefore,  that  the  contrac- 
tion was  largely  due  to  the  light  falling 
on  the  cornea  and  the  iris. 

What  "  exactly  "  constituted  a  glar- 
ing system  of  illumination  was  a  very 
difficult  problem.  Dr.  Hyde  had  given 
as  good  a  general  definition  as  anybody 
when  he  said  that  it  was  an  illumination 
which  was  painful  or  uncomfortable. 
But, people  had  different  ideas  of  dis- 
comfort. Intrinsic  brilliancy  was  one 
of  the  factors  of  glare.  He  understood 
intrinsic  brilliancy  to  be  the  ratio  of 
the  candle-power  of  a  source  of  light  to 
the  effective  area  of  that  source.  An 


the  cornea  and  possibly  on  the  iris  also. 
He  had  used  an  instrument  which 
enabled  somewhat  rough  measurements 
of  the  pupil  to  be  made.  This  con- 
sisted of  a  scale  at  one  end  of  a  rod, 
fixed  at  a  distance  of  easy  vision.  At 
the  other  end  of  the  rod  was  a  cup 
which  fitted  over  the  cheek-bone  to 
fix  the  instrument  relatively  to  the  face. 
A  little  polished  silver  bead  could  be 
adjusted  on  the  rod  so  as  to  be  held 
very  close  to  the  eye.  Wlien  this  bead 
was  strongly  illuminated  by  a  side 
light,  out  of  view,  a  round  briglit  disc 
was  seen,  which  was  the  sliadow  of  tlic 
iris  thrown  on  the  retina.  (This  could 
easily  be  seen  by  using  the  head  of  a 
pin  or  poHshed  pencil  case.)  A  little 
oval  disc  about  3  mm.  by  4  mm. 
attached  to  the  instrument  was  just 
large  enough  to  hide  tlie  filament  of 
a  lamp  at  about  tliree-quarters  of  a 
metre.  Holding  the  instrument  to  the 
eye,  the  image  of  the  pupil  appeared  to 


ordinary  candle  flame  measured  about 
2  ins.  high  as  a  triangle,  and^about 
0'4  in.  at  the  base  (51  by  10  mm.), 
which  gave  about  2*5  candle-power  per 
square  inch,  or  0-39  per  square  centi- 
metre. It  seemed  to  him  that  the  candle 
flame  was  a  good  standard  for  ordinary 
indoor  work.  With  higher  intrinsic 
brilliancies  for  lights  close  at  hand,  the 
light  was  painful.  On  the  other  hand, 
the  effect  of  brilliant  light  at  a  distance 
was  a  complicated  matter,  especially  if 
the  angles  subtended  were  very  small. 

In  estimating  intrinsic  brilliancy  it 
was  a  mistake  to  calculate  the  area  of 
the  filament  of  an  electric  glow  lamp 
by  multiplying  its  length  by  its  actual 
width,  and  to  divide  the  area  so  ob- 
tained by  the  candle-power.  Owing  to 
irradiation,  the  width  of  a  glowing  fila- 
ment a])f)eared  to  be  nuicli  larger. 
Thv,  glowing  filament  of  a  carbon  16  c.-p. 
lamp  aj)peared  to  be  about  I' 5  ram. 
wide,  or  about    ten  or  twelve  times 
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its  actual  width,  and  for  practical 
purposes  it  must  be  taken  as  the 
apparent  width.  Seen  at  a  greater 
distance  it  appeared  even  wider,  for  at 
a  few  feet  distance  the  separate  turns 
of  the  filament  could  not  be  distin- 
guished, and  the  filament  looked  like 
a  solid  glowing  mass .  Irradiation  might 
be  partly  an  optical  phenomenon,  very 
largely  it  was  a  functional  matter  which 
the  physiologist  could  explain  by 
spreading  of  the  changes  in  the  visual 
purple,  and  it  might  also  be  partly  a 
subjective  matter. 

Coming  to  practical  questions,  Mr. 
Trotter  said  that  there  were  two  broad 
methods  of  lighting,  one  in  which  the 
source  of  light  was  within  the  range  of 
vision,  and  the  other  in  which  it  was 
practically  outside  it.  In  domestic 
work,  lights  had  to  be  for  the  most  part 
within  the  range  of  vision.  Concealed 
lights  in  cornices  were  very  charming, 
but  they  were  very  expensive.  Domes- 
tic lights  within  the  range  of  vision 
should  always  be  shaded,  the  naked 
filament  should  never  be  seen.  The 
intrinsic  brilliance  of  the  shade  should 
not  exceed  one  or  two  candle-power 
per  square  inch.  In  1880,  when  the 
Swan  and  the  Edison  lamps  first 
appeared,  it  had  seemed  to  him  that  they 
would  soon  become  so  improved  and 
would  be  so  brilliant  that  they  would 
be  uncomfortable  to  look  at.  Thirty 
years  had  passed,  and  the  carbon  lamps 
were  still  used  at  about  the  same  bril- 
liance, though  they  now  had  metal  lamps 
which  were  more  brilliant.  He  thought 
that  something  must  be  done  to  reduce 
this  anticipated  brilliance,  and  he 
designed,  thirty  years  ago,  and  about 
fifteen  years  too  soon,  shades  of  which 
he  showed  a  specimen.  The  system 
had  been  developed  since  and  improved 
as  the  holophane  system.  A  16  c.-p. 
lamp  in  such  a  shade  gave  a  brilliant 
surface  of  about  7J  square  inches,  and 
allowing  for  loss,  this  gave  about 
4  candle-power  per  square  inch.  This 
was  rather  too  bright. 

For  some  years  he  had  used  a  Holo- 
phane shade  over  his  desk,  hung  at 
about  3  ft.  above  the  table.  It  was 
of  a  pattern  which  concentrated  the 
light  downwards.  But  now  that  his 
eyesight  was   beginning    to  .  fail  he 


wanted  more  light.  He  had  recently 
changed  it  for  a  dark  green  shade  at 
about  17  ins.  from  the  table,  shading 
the  whole  room  and  illuminating  the 
table  like  an  old-fashioned  reading  lamp. 
Dr.  Louis  Bell  who  was  a  very  con- 
siderable authority  on  illumination,  gave 
an  illustration*  of  this  mode  of  lighting 
"  as  a  horrible  example  of  what  should 
never  be  permitted."  This  showed  how 
difficult  it  was  to  lay  down  any  rules 
in  connection  with  this  matter.  Where 
lights  had  to  be  in  the  range  of  vision, 
as  in  a  drawing-room  or  dining-room, 
he  preferred  placing  the  lamps  close  to 
a  white  wall,  and  using  parchment  paper 
shades.  The  effect  was  soft,  and  the 
illumination  from  a  few  lamps  of  small 
candle-power  was  surprising. 

Mr.  J.  H.  Agar  Baugh  said  he  would 
first  describe  a  simple  experiment. 
If  the  windows  of  a  well-lighted  room 
were  covered  with  tissue  or  tracing 
paper  the  room,  instead  of  appearing 
darker  would  appear  distinctly  lighter, 
specially  in  the  darker  corners.  Mr. 
Baugh  attributed  this  to  the  iris  of  the 
eye  contracting  to  meet  the  glare  of  the 
sky.  On  the  glare  being  removed  the 
iris  expanded  and  one  could  see  better. 
However,  he  by  no  means  desired  to 
recommend  the  use  of  obscured  glass 
for  window^s,  except  in  positions  subject 
to  glaring  light. 

Turning  to  artificial  light,  Mr.  Baugh 
added  that  though  greatly  admiring 
the  method  of  lighting  by  reflection 
from  ceilings  it  was  apt  to  be  too 
expensive  for  use  in  ordinary  rooms. 
He  had  therefore  tried  to  obtain  equally 
good  results  as  regards  efficiency  of 
illumination  and  absence  of  glare  at  a 
more  moderate  cost  by  using  metallic 
filament  lamps  in  ground  glass 
globes,  and  both  ground  glass  and  opal 
globes  and  shades  with  incandescent 
gas  burners.  It  was  one  of  the 
most  prevalent  and  mistaken  im- 
pressions that  diffusing  light  reduced 
real  illumination.  In  Mr.  Baugh's 
opinion  the  useful  light  was,  as 
a  rule  much  increased,  not  diminished 
by  diffusion.    Low  power  units  such 


*  Dr.  Louis  Bell,  *  The  Physiological  Basis 
of  Illumination.'  T/ie  Ilhiminating  Engineer^ 
vol  1,  p.  416. 
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as  single  candles  or  5  c.-p.  carbon  lamps, 
however,  did  not  require  diffusing  shades 
so  much. 

A  step  in  advance  of  even  a  diffusing 
shade  or  cover  was  the  use  of  a  perfectly 
opaque  metal  shade  which  completely 
concealed  the  filaments  of  the  lamp 
or  the  mantle  of  the  gas  burner. 

Such  simple  and  extremely  cheap 
shades  used  with  either  electric  light 
or  gas  gave  a  most  efficient  comfortable 
light,  and  at  a  very  low  cost. 

Mr.  Baugh  showed  a  gas  burner  of  the 
"Bijou  "  type,  which,  he  said,  burnt 
only  1  foot  of  gas  per  hour,  and  gave 
all  the  light  which  could  possibly  be 
required  on  a  workbench  or  table. 
The  shades  suitable  for  electric  light 
were  10  in.  diameter  and  5  in.  deep, 
or  a  6  in.  depth  might  be  better.  The 
shades  for  "  Bijou "  incandescent 
burners  were  SJ  in.  diameter  and  4J  in. 
deep.  They  were  made  in  aluminium 
and  also  enamelled  iron. 

Mr.  J.  S.  Dow  mentioned  that  a 
letter  had  been  received  from  Prof. 
A.  Blondel  (Paris)  who  expressed  his 
interest  in  the  subject  and  hoped  to 
be  able  to  contribute  to  the  discussion 
shortly.  Prof.  Blondel  added  that 
his  interest  in  the  matter  dated  from 
when  his  recognition  of  the  undesirably 
high  intrinsic  brilliancy  of  modern 
illuminants  led  him  to  undertake  the 
design  of  "  Holophane  "  shades  and 
reflectors. 

Mr.  Dow  then  proceeded  to  read 
extracts  from  the  communications  of 
Prof.  A.  Grau  (Vienna),  Dr.  J.  Stock- 
hausen  (Dresden),  and  Messrs.  Korting 
and  Mathiesen  (Berlin).  (These  com- 
munications will  be  found  in  extenso 
on  p.  178.)  In  summing  up  the  dis- 
cussion he  thought  that  there  seemed  to 
be  general  agreement  that  at  any  rate 
sources  of  higher  intrinsic  brilliancy 
than  a  certain  limiting  value  ought  not 
to  be  exposed  in  the  direct  range  of 
vision.  Dr.  Louis  Bell  had  suggested 
2J  c.-p.  per  square  inch  for  the  per- 
missible limit  while  Dr.  Stockhausen 
and  Prof.  L.  Weber  had  suggested 
values  near  4^  and  2|  candles  per 
square  inch.  Mr.  Trotter's  estimate, 
derived  from  the  candle-flame,  was  in 
the  same  neighbourhood.  This  was 
very  good  agreement.    On  the  other 


hand,  Mr.  J.  E.  Woodwell  {Trans. 
Illuminating  Engineering  Society,  U.S.A., 
1908)  and  recently  specified  a  much 
lower  figure  namely,  0  2  c.-p.  per  square 
inch.*  Added : — 

There  seems  to  be    a  disposition 
to  suggest  that  it  would  be  enough 
if  sources  whose   brilliancy  exceeds 
this  limiting  value  were  placed  high  up 
"  out  of  the  range  of  vision,"  and  that 
their  use  in  interiors  need  not  be 
regarded  as  undesirable  if  proper  pre- 
cautions are  taken.    On  analysing  the 
matter,  however,  it  becomes  evident 
that  it  is  not  easy  to  say  exactly  what 
is  included  in  "  the  direct  range  of 
vision."    If  one  is  reading  a  book  it 
seemed  fairly  obvious  that  no  disagree- 
ably bright  light  ought  to  be  visible 
out  of  the  tail  of  the  eye.    But  in  addi- 
tion it  is  pleasant  in  any  interior  to 
feel  that  one  can  allow  the  eye  to  rove 
at  will  in  any  direction  without  the 
risk  of  meeting  any  undesirably  bright 
dazzling  object.    The  feeling  of  peace 
and    restfulness  "  of  a  room  is  largely 
dependent  on  ability  to  do  this.  It 
is  also  often  very  difficult  so  to  arrange 
a  source  that  it  is  not  directly  visible 
to  some  persons,  in  certain  positions 
in  a  room.    Therefore  I  sympathize 
with  Dr.  Stockhausen's  suggestion  that, 
on  principle,  sources  having  an  excessive 
intrinsic  brilliancy  ought  never  to  be 
used  in  rooms  of  moderate  size. 

In  addition  it  would  probably  be 
conceded  that  any  source  of  painfully 
high  intrinsic  brilliancy  is  not  an 
artistic  object.  It  is  rather  curious 
that  people  so  often  use  sources  of  light 
just  as  they  were  turned  out  without 
reflecting  that  their  appearance  could 
be  absolutely  and  agreeably  altered  from 
the  artistic  standpoint  by  the  use  of 
suitable  shades,  lanterns,  &c.  In  reality 
the  lamp  itself  should  only  be  con- 
sidered the  "  raw  product." 

Turning  to  the  more  physiological 
questions,  it  seemed  to  be  recognised 
that  the  extent  of  the  pupil-aperture 
of  the  eye  is  a  very  uncertain  test  of 
glare.  Yet  opinions  on  this  point 
seemed  to  vary.    Thus  Dr.  Steinmetz's 


*  The  Illuminating  Engineer ^  London, 
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idea*  seemed  to  be  that  the  opening 
and  shutting  of  the  pupil  is  dependent 
mainly  on  the  energy  entering  the  eye, 
irrespective  of  wavelengths.  If  this 
were  so  one  would  expect  the  size  of 
the  pupil  throughout  the  spectrum  to 
follow  the  energy-curve  of  an  illuminant. 
Yet  Haycraft,t  by  a  flashlight  process, 
has  found  that  it  is  almost  identical 
with  the  luminosity  curve.  Dr.  Stock- 
hausen,  again,  seems  to  suggest  that  the 
diameter  of  the  pupil- aperture  is 
specially  subject  to  the  effect  of  infra- 
red rays,  while  his  allusions  to  the 
influence  upon  it  of  ultra-violet  light  on 
the  pupil -aperture  if  rightly  understood 
by  the  writer,  seem  inconsistent. J 

Dr.  Stockhausen's  suggestion,  regard- 
ing the  study  of  after-images  "  as  a 
criterion  of  glare  is  interesting.  Pre- 
sumably this  only  refers  to  glare  due  to 
intrinsic  brilliancy.  Yet  although  the 
method  might  be  an  interesting  weapon 
in  the  hands  of  an  investigator  with 
time  and  skill  at  his  command,  it  prob- 
ably is  not  a  very  readily  applicable 
test. 

After-images  seem  to  depend  so  much 
on  the  state  of  the  retina  before  the 
impression  is  received  and  on  the  con- 
ditions under  which  the  images  were 
observed.  Prof.  G.  J.  Burch§  has 
found  that  on  retiring  into  a  dark 
room  confused  after-images  of  ordinary 
objects  are  visible  for  as  long  as  two 
hours,  while  in  cases  of  exceptional 
dazzle  even  a  longer  period  may  be 
necessary  for  complete  recovery. 

Mr.  W,  R.  Cooper  disagreed  with 
most  of  the  definitions  given  during 
the  discussion.  If  the  illumination  ex- 
ceeded a  certain  value  (corresponding 
to  the  greatest  contraction  of  the  iris), 
there  was  a  feeling  of  discomfort, 
irrespective  of  any  contrasts,  as,  for 
instance,  on  chalk  roads  in  the  brightest 
sunshine,  more  particularly  on  the 
Continent.  But  below  this  limiting 
value,  glare  was  also  possible,  and  it 
was  this  kind  of  glare  that  was  impor- 
tant and  was  of  daily  occurrence. 
He  thought  it  was  due  to  contrast  and 

*TJie  Illuminating  Enqineer.  London,  Feb., 
1910,  p.  94. 
t  Schafer's  Physiology,  vol.  2,  p.  1078. 
X  Ilium.  Eng.,  Lond.,  Feb.,  1910, pp.  Ill,  115. 
§  Proc,  Roy,  Soc,  London,  1905. 


to  the  eye  attempting  to  adapt  itself 
to  two  rather  widely  differing  values  of 
brightness  at  the  same  time.  Thus, 
a  lamp  against  a  black  background 
gave  a  greater  sense  of  glare  than  the 
same  lamp  against  a  white  wall.  The 
general  brightness  in  the  case  of  the 
white  wall  was  greater,  more  light  being 
reflected  ;  but  the  glare  was  greater  in 
the  case  of  the  black  wal],  because  the 
eye  tried  to  adapt  itself  at  the  same  time 
to  the  brilliancy  of  the  lamp  and  to  the 
darkness  of  the  wall,  which  were  widely 
different.  The  glowing  filament  of  a 
metal  filament  lamp  was  too  bright  to  be 
viewed  with  comfort  at  night,  though 
not  in  the  daytime.  Anyone  carrying 
a  candle  and  entering  a  dark  room 
instinctively  put  a  hand  between  their 
eyes  and  the  candle ;  the  illumina- 
tion was  not  increased  by  so  doing,  but 
the  contrast  was  removed,  and,  conse- 
quently, the  glare.  Again,  if  one  were 
reading  by  dull  daylight  and  a  lamp  was 
turned  on  in  the  field  of  view,  though 
not  sufficiently  near  to  give  a  good 
light,  there  would  at  once  be  a  feeling 
of  decreased  illumination,  although  the 
illumination  was  really  increased  ;  this 
case,  however,  was  perhaps  complicated 
by  other  low-iJlumination  effects.  It 
would  seem,  therefore,  that  glare 
should  be  defined  as  a  ratio,  or  some- 
thing of  that  kind,  expressing  the 
ratio  of  the  maximum  to  the  mini- 
mum brightness  within  a  certain  area 
of  the  field  of  view.  If  this  ratio  was 
above  a  certain  value,  then  there  was 
"glare."  Possibly  the  percentage  de- 
crease of  the  pupil  in  passing  from  the 
minimum  to  the  maximum  brightness 
might  be  taken  as  a  measure  of  the 
glare  ;  or  it  was  just  possible  that  a 
photographic  plate  might  be  used, 
the  different  densities  being  com- 
pared, or  halation  being  used. 

Turning  to  a  more  practical  point, 
there  was  a  great  tendency  at  the 
present  time  to  use  sources  of  very  high 
intrinsic  brilliancy,  such  as  metal  fila- 
ment lamps  with  clear  globes.  There 
was  doubtless  irradiation  in  such  cases, 
but  he  doubted  if  the  effect  was  as  great 
as  Mr.  Trotter  suggested.  Such  fila- 
ments in  the  field  of  view  must  have 
a  very  bad  effect  on  the  eyes,  and  they 
decreased  the  effectiveness  of  the  illumi- 
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nation.  Prof.  Ashe  in  America  had 
shown  that  the  sensitiveness  of  the 
eye  was  diminished  30  per  cent,  if  the 
source  of  Hght  was  visible  even 
obliquely.  It  \^  as,  therefore,  important 
in  every  ^v  ay  that  sources  of  high  in- 
trinsic brilliancy  should  be  properly 
shaded.  Cases  of  bad  illumination 
^\ere  only  too  frequent  in  public  build- 
ings, and  the  Society  \^  ould  do  excellent 
work  in  such  cases  if  it  could  bring 
pressure  upon  the  authorities  con- 
cerned to  give  hygienic  illumination. 

In  Query  3  a  distinction  should  be 
drawn  between  brilliancy  and  in- 
trinsic brilliancy,  the  latter  being  the 
important  quantity. 

Mr.  W.  M.  Mordey  said  that  it  was 
necessary  to  consider  the  relative 
subjective  effects  of  different  systems 
of  lighting  and  their  value  for  revealing 
objects  to  the  eye,  rather  than  the  actual 
intensity  of  illumination.  A  room  illu- 
minated by  reflected  light  produced  an 
impression  of  restfulness  even  though 
it  might  appear  less  brightly  illuminated 
than  one  in  which  by  sources  placed 
within  the  angle  of  vision  were  used. 
He  questioned  whether  it  was  necessary 
to  go  so  far  as  to  say  that  all  exposed 
lamps  should  be  avoided,  but  the  sharp 
contrast  of  such  sources  with  dark 
surroundings  was  certainly  objectionable 
the  "  whiplash  "  of  the  light  from 
lamps  so  placed  irritated  the  eyes  and 
the  nerves. 

The  Council  of  the  Institution  of 
Electrical  Engineers  had  recently  been 
giving  a  considerable  amount  of  con- 
sideration to  the  illumination  of  their 
new  home,  and  were  resolved  at  all 
costs  to  avoid  objectionable  lighting 
of  the  character  mentioned  above. 
There  was  a  great  field  open  to  makers 
of  fixtures  in  the  devising  of  methods 
of  distributing  the  light  from  the 
standpoint  of  comfort  rather  than  mere 
brilliancy. 

In  conclusion  Mr.  Mordey  referred 
to  the  effects  of  snow-glare  in  moun- 
tainous regions,  wiiich  were  believed  to 
be  due  to  ultra-violet  light.  He  had 
recently  been  interested  in  the  use  of  the 
"  Euphos  "  glasses,  which  were  claimed 
to  absorb  such  radiation  and  thus 
to  i)rotect  the  eyes.  It  would  be 
interesting^  to    know    how    far  tho 


quality  of  light  reflected  from  snow 
and  ice  under  such  conditions  had 
been  examined  spectroscopically. 

Mr.  Haydn  Harrison  did  not  think 
anybody  had  quite  defined  what  glare 
was.    Intrinsic  brilliancy  undoubtedly 
entered  into  the  question,  but  contrast 
also  came  in,  and  they  should  be  able 
to  put  it  into  an  equation.    Of  course, 
if   a   brilliant   source   of   light  was 
adjacent  to  a  reflecting  surface  illumi- 
nated up  to  and  having  the  same 
intrinsic  brilliancy  as  the  source  itself, 
the  contrast  would  be  unity  and  there 
would  be  no  glare.    Therefore  it  was  a 
question  of  intrinsic  brilliancy  and  con- 
trast, and  he  thought  it  could  be  put 
into  a  formula  which  would  be  quite 
useful.    If  they  held  a  lamp  in  front  of 
a  white  screen  and  then  in  front  of  a 
black  screen,  the  effect  of  glare  in 
front  of  the  white  screen  was  negligible, 
In  front  of  the  black  screen,  however, 
it  would  be  very  high  indeed.  This 
showed  that  the  factor  of  surroundings, 
given  say  in  candle-feet  on  a  white  sur- 
face, must  enter  into  the  factor  of 
glare  and  this  would  probably  bring  the 
whole  question  down  to  a  mathematical 
possibility.     This    was  particularly 
noticeable  in  street  lighting,  the  effect 
of  glare  being  absolutely  lost  if  lamps 
were  placed  adjacent  to  white  shades 
or  reflectors  with  no  intervening  dark 
space.    Yet    the    illumination  might 
remain  the  same  and  had  not  been  im- 
proved, although  to  the  people  using  the 
street  a  great  improvement  was  notice- 
able.   Another  point  was  that  many 
people    thought    that  if   they  could 
eliminate  from  view  the  source  of  light 
altogether  and  give  indirect  illumination 
they  were  arriving  at  a  sort  of  millenium 
of  illumination.    But  he  did  not  think 
a   shadowless   room   was   any  more 
pleasant  to  sit  in  than  a  shadowless 
life  was  to  exist  in.    Shadows  were 
natural  factors  and  were  necessary  to 
bring  a  little  definition  into  the  illumin- 
ation. 

Mr.  Y.  H.  Mackinney  expressed  his 
interest  in  the  various  methods  adopted 
for  avoiding  glare  from  artificial  illumin- 
ants.  He  exhibited  a  glass  diffusing 
globe  designed  on  the  lines  suggested 
by  Prof.  131ondel  in  the  early  nineties. 
The  external  horizontal  ribs,  he  ex- 
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plained,  differed  from  all  other  forms 
in  their  profile  ;  each  rib  was  a  com- 
bination of  two  independent  sections, 
one  refracting,  the  other  reflecting, 
arranged  so  as  to  suppress  all  acute 
angles.  They  were  calculated  accord- 
ing to  the  law  decided  on  for  vertical 
distribution.  With  this  combination 
a  very  good  diffusion  of  light  could  be 
obtained  over  a  considerable  angle 
without  any  appreciable  loss  ;  the 
globes  themselves  appeared  to  be  lumin- 
ous all  over  and  it  was  on  this  account 
that  the  inventors  had  given  them  the 
name  of  Holophane  (oAos,  entirely  ; 
<f)aLv(D,  to  shine).  The  average  profile 
of  the  internal  vertical  ribs  was  intended 
to  ensure  horizontal  diffusion. 

Mr.  Mackinney  added  that  many 
light-sources  when  placed  within  the 
direct  range  of  vision  might  be  con- 
sidered offensively  bright,  and  that  any- 
thing really  disagreeable  to  the  eye 
could  not  be  considered  artistic  ;  conse- 
quently from  the  artistic  standpoint  a 
limit  should  be  placed  on  the  brightness 
of  illuminants.  He  pointed  out  that 
light  diff users  of  the  Holophane  type 
are  serviceable  not  only  as  a  means  of 
toning  down  the  intrinsic  brilliancy  of 
the  source  to  the  proper  limit,  but  also 
of  re-distributing  the  light  where  it  is 
most  wanted  while  eliminating  the 
high  absorption  losses  of  the  ordinary 
shade. 

Mr.  Mackinney  also  explained  that 
some  years  ago  he  had  suggested  a 
method  for  the  avoidance  of  glare 
from  the  headlights  of  vehicles,  &c. 
The  main  object  had  been  to  prevent 
the  beam  of  light  from  rising  more  than 
3  ft.  6  ins.  above  the  road  level.  To 
attain  this  result  use  was  made  of  a 
sphero-cylindrical  lens  system  suitably 
decentred  in  its  chief  meridian.  This 
arrangement,  too,  had  the  effect  of 
throwing  the  light  more  normally  on 
to  the  road  surface,  and  the  design 
could  be  arranged  to  cover  any 
width  of  roadway  at  a  specified 
distance  away. 

Turning  to  the  physiological  aspects  of 
the  subject,  Mr.  Mackinney  said  that 
it  seemed  to  him  that  quite  a  large 
percentage  of  people  were  under  the 
impression  that  the  more  recent  intense 
illuminants  were  fatiguing  to  the  eyes, 


and  that  light  sources,  when  placed 
without  shades  at  a  distance  of  10  ft. 
or  less  from  the  floor-level,  were  the 
direct  cause  of  much  of  the  prevalent 
eye  trouble.  He  thought  that  "  asthen- 
opia," a  symptom  of  fatigue  often 
referred  to  by  opticians  as  "  eye 
strain "  or  "  weak-sight,"  was  some- 
times brought  about  by  prolonged 
work  under  a  glaring  system  of  lighting, 
and  in  many  cases  increased  in  such 
circumstances.  Besides  the  accommo- 
dative, muscular,  and  iritic  forms  of 
asthenopia  known  to  the  optician,  there 
were  the  conditions  of  retinal  and  reflex 
asthenopia  for  which  "  glare  "  would 
seem  to  be  so  directly  responsible. 
These  two  latter  forms  came  directly 
within  the  province  of  the  oculist,  and 
Mr.  Mackinney  expressed  the  wish  that 
if  a  committe  was  appointed  to  deal 
further  with  the  subject,  this  possibility 
of  a  glaring  system  giving  rise  to  some 
form  of  asthenopia  should  not  be  lost 
sight  of. 

Again,  if  only  on  account  of  its 
effects  on  visual  acuteness,  excessive 
brilliancy  was  to  be  avoided.  It  was 
well  known  that  form-acuity  depended 
upon  the  amount  of  light  received  by 
the  eye.  This  point  was  of  con- 
siderable interest  to  opticians  and 
others,  for  the  reason  that  it  indicated 
the  advisability  of  a  certain  minimum 
illumination  of  test-types  for  subjective 
sight- testing.  He  himself  had  met  with 
and  described  a  case  which  seemed  to 
suggest  that  a  value  of  at  least  30  metre- 
candles  was  desirable.  He  had  not 
determined  the  point  at  which  form 
acuity  diminished  owing  to  excessive 
brilliancy,  but  thought  that  it  was 
within  practical  limits. 

Mr.  L.  Gaster  said  that  there  could 
be  no  doubt  of  the  immense  importance 
of  the  question  of  "  Glare  "  from  the 
practical  standpoint.  They  had  heard 
a  great  number  of  different  definitions 
of  "  Glare  "  and  it  was  perhaps,  only 
natural  that  there  should  be  much 
difference  of  opinion  since  it  was 
recognised  that  glare  might  be  due  to  a 
variety  of  causes. 

It  had  been  pointed  out  that  intrinsic 
brilliancy  was  the  primary  cause,  but 
excessive  contrast  was  also  an  important 
item,  and  the  position  of  lights,  quite 
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apart  from  their  intrinsic  brilliancy 
was  also  an  important  factor  in  causing 
"  glare."  As  Dr.  Kerr  had  pointed 
out  in  the  previous  discussions,  even 
an  only  moderately  brightly  illuminated 
surface  could  give  rise  to  the  impression 
of  glare  if  the  rays  from  it  came  to  the 
observer  in  the  wrong  direction.  In 
the  same  way  we  had  also  to  bear  in 
mind  the  possibility  of  glare  owing  to 
the  reflected  light  from  shiny  surfaces, 
from  highly-glazed  papers,  for  example. 
This  was  a  matter  which  should  receive 
the  close  attention  of  school  authorities. 

About  25  years  ago,  when  electric 
light  had  been  newly  introduced,  a 
well-known  oculist,  who  was  adviser 
to  a  large  banking  firm,  had  received 
complaints  that  all  the  employees  were 
suffering  from  fatigue  of  the  eyes. 
Investigations  showed  that  this  was  due 
simply  to  the  fact  that  the  light  was 
placed  in  the  direct  line  of  vision,  so 
that  instead  of  assisting  the  reader 
it  absolutely  hindered  him.  By 
immediately  changing  the  position  of 
the  lamps,  the  matter  was  remedied. 

He  thought  there  were  many  banking 
and  other  city  offices  in  which  the  same 
might  be  said  to-day,  and  in  which  such 
attention  was  much  needed. 

He  quite  agreed  with  Mr.  Cooper 
that  it  was  desirable  to  draw  atten- 
tion to  cases  in  which  the  lighting 
arrangements  were  obviously  deficient. 
He  had  pointed  out  previously,  that 
the  illumination  of  the  reading  tables 
at  the  Patent  Office  Library  was  very 
unsatisfactory,  and  he  was  glad  to  see 
that  steps  had  been  taken  to  improve 
matters  to  some  extent. 

Turning  next  to  the  conditions  of 
illumination  in  the  streets,  he  would 
like  to  point  out  that  the  City  authorities 
had  insisted  on  the  screening  of  sources 
of  undesirably  high  intrinsic  brilliancy 
placed  at  a  low  level,  and  that  those 
who  had  participated  in  this  discussion 
had  almost  invariably  insisted  upon  the 
harm  tliat  was  done  by  some  of  the 
existing  metliods  of  shop  lighting,  ])ar- 
ticularly  the  exposures  of  very  powerful 
naked  lamps  ()utsid(^  the  windows.  He 
stnjngly  approved  of  the  action  of  tli(^ 
City  autliorities  in  framing  reguhitions 
that  sue!)  lights  should  be  screem^d,  and 
ho  hoped  that  such  regulations  w  ould  bo 


strictly  enforced.  He  was  also  glad  to 
see  that  the  London  County  Council 
contemplated  the  framing  of  recom- 
mendations to  shop-keepers  advising 
that  sources  of  light  should  not  be 
placed  among  the  contents  of  their 
windows.  This  was  not  only  desir- 
able from  the  standpoint  of  avoiding 
risk  of  fire,  but  also  because  the  use 
of  sources  in  this  way  was  bad  illumi- 
nating engineering,  and  disastrous  to 
the  eyes  of  those  looking  into  the 
windows.  In  this  case,  the  correct 
motto  was  "  Light  on  the  object,  not 
in  the  ei/e." 

Taking  a  wide  view  of  the  contribu- 
tions to  these  discussions,  he  thought 
there  was  a  general  concensus  of 
opinion  that  something  should  be  done 
to  limit  the  possibility  of  glare  from  the 
new  and  intensely  bright  illuminants, 
though  some  difference  of  opinion 
might  exist  as  to  the  best  way  of 
achieving  this  end.  All,  however,  con- 
demned the  placing  of  such  sources 
so  that  the  rays  could  stream  directly 
into  the  eyes.  It  was  also  worth 
noting,  that  there  was  a  degree  of 
unanimity  as  to  the  permissible  maxi- 
mum of  intrinsic  brilliancy  of  sources 
to  be  used  in  dwelling-rooms.  The 
figures  of  Stockhausen,  Dr.  Louis  Bell, 
Professor  Weber,  and  Mr.  Trotter 
agreed  very  closely,  although,  in  the 
first  three  cases,  obtained  by  quite 
different  methods.  However,  it  must, 
of  course,  be  recognised  that  there 
were  naturally  still  many  facts  to  be 
made  clear.  He  would,  therefore,  like 
to  bring  before  the  meeting  the  sugges- 
tion of  Dr.  Stockhausen,  and  he  sub- 
mitted it  in  the  form  of  the  following 
resolution  : — 

"  That  an  international  Committee 
representative  of  the  different  pro- 
fessions interested  in  illumination  be 
appointed  by  the  Illuminating  Engineer- 
ing Society  to  consider  the  question  of 
'  (^lare  '  from  modern  illuminants,  to 
collect  evidence  as  to  its  nature,  causes, 
and  effects,  and  to  frame  recommen- 
dati(ms  as  to  how  its  injurious  effects 
can  be  avoided.  That  the  Editing 
Committee  of  the  Illuminating  Engineer- 
ing Society  should  deal  with  the  question, 
approach   the   necessary  authorities, 
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and  take  due  steps  for  the  formation 
of  such  committee." 

The  President  then  explained  that 
this  resolution  was  being  considered 
by  the  Council  and  that  the  necessary 
steps  would  be  taken. 

Dr.  W.  H.  Ettles  suggested  that  some 
agreement  should  be  come  to  regarding 
the  physiological  questions  involved 
before  they  went  any  further. 

Mr,  Nash,  referring  to  Mr.  Trotter's 
remark  concerning  the  increased  dia- 
meter of  a  luminous  filament  as  com- 
pared with  the  known  actual  diameter, 
suggested  that  this  might  be  due  to 
vibration. 

Mr.  Haydn  T.  Harrison  said  that 
another  theory  was  that  as  we  momen- 
tarily look  at  a  filament  burning 
brightly,  our  eyes  fill  with  moisture, 
and  this  absolutely  put  the  whole  of  the 
filament  out  of  view  at  once. 

Dr.  F.  W.  Edridge  Green  said  some 
people  were  very  slow  in  getting 
adapted  to  a  light.  He  found  in  ex- 
periments in  mixing  colours  that  as  he 
reduced  the  illumination  some  people 
would  hardly  be  able  to  see  the  mixture 
at  all,  whilst  it  was  perfectly  visible 
to  others.  Similarly  one  person  would 
take  much  longer  than  another  in 
getting  used  to  the  light  of  a  room 
where  the  illumination  happened  to  be 
very  poor,  or  it  was  nearly  dark.  In 
fact,  there  was  one  particular  kind 
of  person — it  was  a  congenital  com- 
plaint— who  always  suffered  from  glare 
and  who  had  a  very  slow  adaptation  in 
getting  used  to  even  an  ordinary  light. 
The  effect  of  light  on  surrounding 
parts  could  be  clearly  demonstrated 
by  the  Helmholtz  experiment  of  the 
candle  in  a  dark  doorway. 

The  President,  in  winding  up  the  dis- 
cussion, said  he  did  not  believe  the 
apparent  increase  in  the  size  of  a  fila- 
ment when  glowing  was  due  to  vibra- 
tion. This  was  borne  out  by  throw- 
ing the  image  of  a  filament  on  a  screen, 
when  no  vibration  was  discernable. 
The  apparent  enlargement  was  cer- 
tainly due  to  something  in  the  eye.  It 
had  been  called  irradiation.  What  was 
irradiation  ?  It  included  a  good  many 
things,  the  two  principal  ones  being 
the  actual  spreading  in  the  retina — 


which  might  be  photo- chemical — and 
also  to  the  spherical  aberration  of  the 
eye  and  the  imperfection  of  the  lens 
apparatus.  It  was  bad  focussing,  in 
fact,  which  largely  caused  irradiation. 

He  agreed  with  Mr.  Trotter  that  intrin- 
sic brilliancy  must  be  interpreted  by 
dividing  the  total  candle-power  not 
by  the  actual  emitting  area  but  by  the 
apparent  emitting  area.  But  this  did 
not  by  any  means  bring  them  to  the 
end  of  the  subject,  for  as  a  number  of 
speakers  had  pointed  out,  the  question 
of  contrast  was  an  important  one  in 
relation  to  backgrounds.  He  would 
like  further  experiments  to  be  tried 
in  this  connection.  He  wished  there 
were  some  means  of  producing  over 
a  definite  area  a  definite  degree  of 
intrinsic  brilliancy  and  multiplying  it 
indefinitely.  If  they  took  a  square 
inch  having  one  candle-power  uniformly 
spread  over  it,  and  viewed  it  from  a 
distance  of  one  foot,  the  image  of  this, 
if  the  eye  were  perfect,  would  be  a 
little  bright  square  patch  on  the  retina 
at  the  back.  If  they  could  have  this, 
first  against  a  black  background,  and 
then  surround  it  by  eight  other  square 
inches  equally  illuminated,  should  they 
be  able  to  decide  whether  the  middle 
square  inch  would  seem  to  be  exactly 
as  brilliant  as  it  was  before  ? 

Or  this  could  be  tried.  One  square  inch, 
one  foot  away,  illuminated ;  replace  this 
by  nine  square  inches  three  feet  away. 
Geometrically  this  gave  an  image  of 
the  same  size ;  would  they  find 
equal  glare  in  the  two  cases  ?  Grco- 
metrically  they  ought  to,  but  he 
was  not  at  all  sure  that  they  would, 
find  it  so  physiologically. 

He  did  not  think  the  effect  of 
stray  light  coming  into  the  eye  could 
be  called  glare.  In  his  own  case 
he  was  aware  that  the  visual 
medium  of  his  eyes  was  becoming 
turbid,  and  any  side  light  entering  the 
cornea  created  a  kind  of  hazy  illumin- 
ation all  over.  He  was  looking  through 
a  slightly  illuminated  hazy  medium,  and 
therefore  it  affected  his  ability  to  dis- 
tinguish black  or  white  under  an  im- 
perfect illumination.  He  was  per- 
fectly certain  that  he  actually  saw  more 
haze  round  a  naked  light  than  he  used 
to,  but  he  did  not  call  it  glare.  He 
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should  be  sorry  to  accept  Mr.  Baugh's 
conclusion  that  glare  only  existed 
when  we  saw  an  after-image,  as  after- 
images were  produced  with  very  low 
illuminants  indeed,  and  were  then 
certainly  not  the  result  of  glare.  In 
the  discussion,  the  suggestion  of  Dr. 
Stockhausen  as  to  the  formation  of  an 
international  committee  was  a  very 
valuable  one.    It  was   a  suggestion 


which  should  bear  fruit,  for  more  data, 
was  wanted.  No  doubt  the  Council 
would  be  encouraged  to  take  action 
upon  this  matter,  and  also  upon  the 
suggestion  of  Dr.  Ettles  that  a  dis- 
cussion should  be  organised  upon  pure 
"light  sensation"  uncomplicated  by 
colour  and  other  issues.  Both  these 
matters  would  be  referred  to  the 
Council. 


Glare,  its  Causes  and  Effects. 

Communications  from  Corresponding  Members. 

Dr.  K.  Stockhausen,  Dresden. 

{Continued  from  p.  116.) 


Query  2. — The  necessity  of  devising 
methods  of  protecting  the  eyes  from 
the  possibiHty  of  absolute  "  Glare  "  is 
a  matter  which  must  appeal  to  and  be 
studied  by  the  illuminating  engineer. 
On  the  other  hand  it  is  probable  that 
the  engineer  does  not  get  much  oppor- 
tunity of  observing  the  effects  ex- 
perienced by  those  who  suffer  from 
glare  of  this  kind  ;  people  who  suffer  in 
this  way  usually  seek  the  advice  of 
the  oculist,  and  it  is  to  this  expert 
that  we  must  turn  for  evidence  of  such 
cases.  It  is  true  that  one  finds  in 
medical  literature  many  cases  described 
in  which  the  high  intrinsic  brilliancy 
of  sources  of  light,  their  arrangement, 
or  the  quality  of  radiation  which  they 
furnish,  have  apparently  given  rise 
to  injuries  to  eyesight.  Yet  it  must 
be  admitted  that  oculists  themselves 
often  betray  considerable  uncertainty 
as  to  the  comparative  effects  of  different 
qualities  of  light  on  the  eye,  and  even 
regarding  the  nature  of  *'  glare  "  itself. 
Thus  it  comes  about  that  we  often  notice 
an  injury  to  eyesight  attributed  by 
one  expert  to  quite  a  different  cause 
from  that  which  another  oculist  might 
diagnose,  and  with  the  same  conditions 
of  illumination. 

A  further  cause  of  uncertainty,  is  the 
lack  of  knowledge  of  oculists  regarding 
the  technicalities  of  illumination.  There- 
fore the  harmonious  co-operation  of  the 
illuminating  engineer,  and  the  oculist 
would  be  in  the  interests  of  botli  pro- 
feHsions,  in  order  to  obtain  data  of 
mutual  value. 


n  Realizing,  as  I  do,  the  difficulty  of 
obtaining  really  reliable  data  as  to  the 
effects  of  different  systems  of  illu-  ' 
mination,  and  the  necessity  of  forming 
some  more  definite  conclusions  as  to 
the  principles  which  ought  to  guide  us 
in  selecting  methods  of  illumination, 
from  the  hygienic  aspect,  I  should  like 
to  make  the  following  proposal.  Let  • 
the  Illuminating  Engineering  Society  | 
send  to  the  Opthalmological  Societies 
in  all  countries  a  request  to  keep  them 
informed  of  all  cases  of  injury  to  eye- 
sight which  are  apparently  due  to  the 
effect  of  some  unsatisfactory  system  of 
illumination.  In  addition,  it  would 
be  a  good  plan  for  engineers  who  are 
interested  in  this  question  of  illumina- 
tion, to  enter  into  communication  with 
well-known  oculists,  and  to  co-operate 
with  them  in  collecting  such  cases, 
adding  their  technical  knowledge  of  ' 
the  conditions  in  which  the  defects  of 
eyesight  referred  to  arose.  The  material  i 
should  be  assembled  in  each  country, 
its  authenticity  tested,  and  the  results 
forwarded  to  a  central  body,  the 
Illuminating  Engineers  Society,  who 
would  again  set  aside  cases  of 
doubtful  authenticity,  and  thoroughly 
sift  the  whole  material.  A  report 
should  then  be  published  each  year. 

This  would  be  a  grateful  task  for  the 
Illuminating    Engineering    Society  to  i 
undertake,  and  the  result  would  not  f. 
only  be  of  interest  from  the  purely 
hygienic  standpoint,  but  would  also 
enable  engineers  to  collect  data  regard-  | 
ing  the  efiects  of  different  kinds  of  I 
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lamps  (electrical,  acetelyne,  high- 
pressure  gas,  &c.),  the  consumption  of 
gas  or  electricity,  candle-power,  in- 
tensity of  illumination  required  for 
different  purposes,  and  other  useful 
data,  all  of  which  information  would 
be  of  practical  value  to  engineers.  The 
enquiries  referred  to,  would  preferably 
be  circulated  in  several  different  lan- 
guages. 

In  exactly  the  same  way,  it  might  be 
recommended  that  a  valuable  collection 
of  facts,  would  be  obtained  by  making 
inquiries  regarding  the  arrangements 
existing  in  schools,  lecture  halls, 
theatres,  &c.  In  this  case,  however, 
the  inquiries  should  be  addressed  to 
medical  men  responsible  for  the  in- 
spection of  schools,  and  teachers  who, 
it  might  naturally  be  expected,  would 
be  keenly  interested  in  such  questions. 

The  illumination  of  such  places  by 
daylight  conditions  should  also  receive 
special  attention ;  most  of  us  have 
met  with  cases  in  which  the  system  of 
artificial  illumination  has  borne  the 
brunt  of  blame,  which  should  really 
have  been  laid  upon  the  bad  daylight 
arrangements.  In  addition,  it  is,  of 
course,  desirable  that  illuminating 
engineers  should  make  a  practice  of 
interesting  themselves  not  only  in  the 
particular  system  of  light  with  which 
they  are  concerned,  but  also  in  the 
proper  application  of  daylight. 

Queries  3  and  10. — Are  we  in  a 
position  to  lay  down  definite  recom- 
mendations regarding  the  practical 
arrangement,  from  the  hygienic  stand- 
point, of  sources  of  light  ?  This  ques- 
tion can  undoubtedly  be  answered  in 
the  affirmative.  We  have  to  consider 
not  only  those  factors  which  may  lead 
to  direct  injury  to  sight,  but  also 
those  which  may  give  rise  to  more 
gradual  effects  such  as  fatigue.  More- 
over, it  is  rarely  sufficiently  realized 
that  fatigue  of  the  eye  carries  with  it  an 
injurious  influence  on  the  whole  organ- 
ism. 

There  is  also  no  doubt  that  the  in- 
trinsic brilliancy  of  modern  illuminants 
18  undesirably  high,  and  that  this  may 
give  rise  to  severe  dazzle  ;  we  ought, 
therefore,  to  avoid  the  use  of  such 
sources,  as  possess  a  higher  intrinsic 


brilliancy  than  0-75  H.K.  per  sq.  cm. 
in  an  unscreened  condition,  especially 
in  interiors.  At  the  very  least  we  ought 
to  place  such  sources  high  up  on  the 
ceiling  out  of  the  direct  range  of  view, 
so  as  to  eliminate  thepossibility  of  their 
images  being  formed  on  the  retina. 

Yet  this  last  method  can  only  be 
regarded  as  a  half-step,  and  is  not  a 
complete  solution  of  the  problem.  The 
only  satisfactory  method  of  avoiding 
glare  is  to  surround  all  sources  with 
suitable  diffusing  surfaces,  such  as 
opal  and  frosted  globes,  so  as  to 
reduce  their  intrinsic  brilliancy  below 
the  permissible  value.  By  the  use  of 
such  shades  we  can  cut  down  the 
surface-brightness  to  any  desired  value. 
Unfortunately,  however,  many  of  the 
globes  used  in  practice  are  not  satis- 
factory either  from  the  hygienic  or 
the  aesthetic  standpoint.  My  own  ex- 
periments have  proved  that  there  are 
only  few  globes  in  use  which  really  cut 
down  the  intrinsic  brilliancy  of  the 
sources  for  which  they  are  intended 
to  0'75  K.H.  per  sq.  cm.  Most  of  them 
exhibit  too  high  an  intrinsic  brilliancy 
at  the  centre  and  much  too  low  a 
value  over  the  outside  portions.  From 
the  artistic  standpoint  the  effect  is 
often  the  reverse  of  pleasing.  A  uni- 
formly illuminated  globe,  on  the  other 
hand,  has  usually  a  very  satisfactory 
aesthetic  effect.  As  an  illustration  of 
such  uniformity,  I  may  mention  the 
opal  glass  globe  adopted  with  the 
quartz  tube  mercury  vapour  lamp. 

In  most  cases  it  is  difficult  to  secure 
such  uniform  illumination  without  at 
the  same  time  absorbing  too  much 
light.  A  very  satisfactory  effect  in- 
deed can  be  secured  by  using  a  small 
globe  of  prismatic  glass  designed  to 
distribute  the  light  uniformly  in  all 
directions,  (such  as  the  Holophane), 
and  over  this  a  larger  globe  made  of 
only  slightly  obscured  opal  glass  ; 
by  this  means  perfect  uniformity 
coupled  with  only  a  comparatively 
slight  loss  of  light  can  be  secured. 
Moreover,  the  perfect  distribution  of 
light  achieved  by  the  inner  globe  means 
that  the  intrinsic  brilliancy  of  the  whole 
is  low.  This  second  globe  gives  a  very 
pleasing  effect  when  it  is  frosted  with 
a  "  silky-matt  "  surface  such  as  has 
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recently  been  devised  by  Messrs. 
Putzler  (Schlesien).  The  use  of  the 
"  Euphos  "  glass  manufactured  by  the 
same  firm  is  also  beneficial.  We  have 
seen  that  the  ultra-violet  rays  are, 
to  an  especial  degree,  responsible  for 
fatigue  of  the  eye.  Such  rays  are 
completely  absorbed  by  the  yellow- 
green  "  Euphos  "  glass.  It  is  therefore 
advantageous  to  make  chimneys, 
electric  lamp-bulbs,  &c.,  from  glass  of 
this  nature. 

Query  6. — We  have  seen  that  the 
intrinsic  brilliancy  of  the  source  of 
light  is  the  most  potent  factor  in  pro- 
ducing glare.  The  measurement  of  in- 
trinsic brilliancy  is,  therefore,  a  very 
important  matter.  This  quality  de- 
pends upon  two  items,  the  actual  in- 
tensity of  the  source,  and  its  superficial 
area.  The  intensity  in  a  horizontal 
direction  is  usually  obtained  by  ordinary 
photometrical  means.  It  would,  how- 
ever, be  indisputably  more  correct 
to  determine  the  mean  sperical  candle- 
power,  and  so  to  avoid  those  sources  of 
uncertainty  which  are  always  connected 
with  measurements  in  horizontal  direc- 
tions. 

One  should,  therefore,  distinguish 
carefully  between  "  horizontal "  and 
spherical  intrinsic  brilliancy. 

By  horizontal  intrinsic  brilliancy,  we 
should  understand  the  surface-bright- 
ness of  the  source  in  a  horizontal  plane 
drawn  through  the  centre  of  radiation 
of  this  source.  On  the  other  hand,  by 
"  spherical  intrinsic  brilliancy  "  we 
sliould  understand  the  surface  bright- 
ness which  would  be  obtained  by 
dividing  the  total  flux  of  light  in  all 
directions  by  the  total  spherical  area 
of  the  surface  over  which  it  is  distri- 
buted. It  is  thus  that  intrinsic  bril- 
liancy which  would  actually  exist  if  the 
same  total  amount  of  light  were  pro- 
duced, but  distributed  uniformly  in  all 
directions. 

As  a  rule  we  obtain  by  measurement 
the  horizontal  intrinsic  brilliancy 
values  which  are  considerably  greater 
than  the  spherical  value,  while  the 
spherical  intrinsic  brilliancy  of  incan- 
descent filament  and  indeed  in  the 
case  of  all  illuminating  bodies  which 
possess  uniformly  bright  radiating  sur- 


faces, is  identical  with  their  actual 
intrinsic  brilliancy  in  any  direction. 

The  spherical  area  of  a  source  is  best 
measured  by  photographical  means, 
i.e.,  by  obtaining  photographs  of  the 
source  in  a  given  direction  and  taking 
into  account  the  magnification  or 
reduction  so  occasioned.  The  area  of 
the  projected  image  is  obtained  by  the 
means  of  the  planimeter.  In  the  case 
of  glow-lamps  it  is  only  possible  to 
obtain  the  length  of  the  filament  with 
sufficient  exactitude  by  this  means. 
The  diameter  in  such  cases  must  be 
obtained  with  the  microscope.  In 
general  a  determination  of  intrinsic 
brilliancy  can  be  made,  in  my  experi- 
ence, with  an  accuracy  of  2  to  3  per  ! 
cent. 

Query  7. — So  far  we  have  seen  that  \ 
both   the   visible   and   the  invisible 
radiation  from  an  illuminant  may  have 
physiological   effects,   and  may  con- 
tribute to  cause  glare.    It  remains  to 
determine  what  part,  exactly,  is  played 
by    each    of    these    varieties.    Most  ^ 
observers  have  come  to  the  conclusion  ] 
that  the  infra-red  rays  are  bad  in  this  ; 
respect,  but  that  the  ultra-violet  rays 
are  even  more  so.    It  would  appear  ' 
that  the  movements  of  the  pigment  in 
the  eye  are  retarded  or  even  prevented 
by  the  heating  effect  of  the  former  rays. 
Now  pigment-wandering,  like  the  pupil- 
contraction,  constitutes  a  serviceable 
protection  against  glare.    It  has  there- 
fore been  suggested  that  the  newer 
illuminants,  such  as  the  metallic  fila- 
ment lamps,  constitute  an  important 
advance  from  the  hygienic  standpoint, 
because  the  proportion  of  red  and 
infra-red  rays  in  such  sources  is  less 
than  was  the  case  in  the  older  sources 
of  light. 

The  yellow-green,  green,  and  blue 
rays  must  be  regarded  as  the  kind  of 
radiation  most  favourable  to  the  eye 
from  the  hygienic  standpoint.  In  the 
case  of  these  rays  both  means  of  pro- 
tection against  glare,  the  contraction 
of  the  pupil  and  the  wandering  of  the 
pigment,  are  most  effective.  In  addi- 
tion the  circumstances  that  the  visual 
acuity  of  the  eye,  and  its  greatest 
sensitiveness  to  light,  are  normally  in 
the  neighbourhood  of  the  yellow-green, 
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seem  to  suggest  that  this  is  the  region 
of  the  spectrum  to  which  the  human 
eye  is  best  adapted. 

The  violet  and  ultra-violet  rays  up  to 
375  /x/x  must  be  regarded  as  to  some 
extent  injurious,  partly  because  their 
chemical  action  may  be  prejudicial  to 
the  retina  of  the  eye,  and  partly  because 
they  give  rise  to  fluorescence  of  the 
eye-lens,  and  therefore  prejudice  acute- 
ness  of  vision, .  owing  to  the  blurring 
of  the  retinal  images  ;  they  also  add 
to  the  dazzling  effects  of  excess  of 
visible  light.* 

The  ultra-violet  rays  from  375  fifi  to 
320  fifi  only  contribute  slightly  to 
fluorescence  of  the  lens,  being  very 
strongly  absorbed  thereby  ;  only  in  the 
case  of  young  people  up  to  the  age  of 
twenty-five  years  are  they  able  to 
reach  the  retina,  and  even  then  are  very 
much  weakened  in  so  doing.  Never- 
theless it  is  very  desirable  to  guard 
the  eyes  of  all  children  in  schools  and 
young  students,  from  rays  of  this  kind. 

Ultra-violet  rays  having  a  wave- 
length of  less  than  320  /x/a  cannot 
penetrate  to  the  retina,  and  are  mainly 
responsible  for  inflammation  of  the 
outer  eye. 

In  order  to  summarize  completely 
the  influence  of  ultra-violet  light  on 
the  eye,  we  must  not  forget  one  sug- 
gestion, which,  it  is  true,  has  not  yet 
been  demonstrated  with  certainty, 
but  the  probability  of  which  is 
strongly  supported  by  the  most  recent 
researches.  Several  experimenters  have 
put  forward  the  suggestion,  as  the 
result  of  their  researches,  that  the 
cataract  of  old  age  is  the  direct  effect 
of  the  rays  of  light  striking  the  eye,  and 
especially  the  ultra-violet  rays.  Dr. 
Schanz  and  the  writer,  as  the  result  of 
their  experiments,  are  also  inclined  to 
support  this  suggestion. 

The  cataract  characteristic  of  old 
age  shows  itself  in  the  development  of  a 

*  Schanz  and  Stockhausen  have  studied  the 
I  fluorescence  of  the  human  eye-lens  by  the 
I  method  of  crossed  spectra,  and  have  shown  that 
the  light  due  to  this  fluorescence  contains  all 
the  rays  in  the  visible  spectrum  ;  red,  yellow, 
and  violet,  however,  are  only  weakly  present, 
green  are  the  most  prominent,  and  blue 
apparently  somewhat  less  in  intensity  than  the 
green.  This  work  has  been  for  some  time  in 
the  hands  of  the  printer. 


more  or  less  marked  turbidity  or  yellow 
colouration  of  the  cye-lens  which,  as 
time  goes  on,  becomes  less  and  less 
transparent.  Now  the  ultra-violet  rays 
between  375  fifx  to  320  fifx  are  strongly 
absorbed  by  the  eye-lens  and  those 
between  400  /x/x  and  375  /x/x  are  for  the 
most  part  altered  into  fluorescence 
light  in  the  lens  ;  violet  rays  also,  as 
Schanz  and  Stockhausen  have  shown, 
generally  contribute  to  some  extent 
to  this  change. 

Now  in  general  it  is  only  those  rays 
which  are  absorbed  by  the  substances 
which  exert  a  chemical  action  upon  it, 
and  we  are  therefore  justified  in  sup- 
posing that  it  is  the  ultra-violet  rays, 
which  are  absorbed  by  the  lens,  that 
produce  the  effect  referred  to  above. 
In  addition,  the  conversion  of  all  ultra- 
violet rays  and  a  portion  of  violet  light 
into  visible  light  by  fluorescence 
indicates  a  transformation  of  energy 
and  in  the  course  of  years  may  produce 
the  injury  to  the  eye  known  as  cataract. 

This  explanation  of  the  origin  of 
cataract  has  been  supported  by  several 
recent  experiments.  For  example, 
Handmann  has  published  an  exhaustive 
work  in  which,  as  the  result  of  obser- 
vations and  research  extended  over 
many  years,  he  has  established  the  fact 
that  cataract  in  the  majority  of  cases 
begins  in  the  lower  half  of  the  eye-lens  ; 
he  suggests  that  this  is  partially  due 
to  the  fact  that  the  physically  active 
rays  from  artificial  and  daylight  illu- 
mination are  usually  free  to  reach  the 
lower  parts  of  the  eye,  while  the  eye-lid 
protects  the  upper  portion. 

In  addition,  Schanz  and  Stockhausen 
in  a  recent  work*  come  to  the  conclusion 
that  the  variety  of  cataract  occurring 
among  glass  workers  is  due  to  the  action 
of  rays  of  short  wave  length  ;  for  the 
light  which  is  radiated  from  glass  ovens 
and  incandescent  masses  of  glass,  does 
not  contain  those  rays  which  inflame 
the  outer  eye,  but  only  those  which  are 
mainly  detrimental  to  the  eye-lens. 

Hess,  in  his  experiments  on  the 
yellow  colouration  of  the  eye-lens 
attributes  this  gradual  change  to  the 
absorption  of  ultra-violet  rays,  and 
also,  as  time  goes  on,  an  increasing 


*  liber  die  Aetologie  des  Glasmacherstars. 


182 


THE  ILLUMINATING  ENGINEER. 


percentage  of  violet  light  as  well.  He 
therefore  points  to  the  probability  that 
it  is  these  rays  which  are  mainly 
instrumental  in  causing  such  defects 
of  the  eye  as  gradually  appear  in  old 
age  and  the  accompanying  loss  in 
acuteness  of  vision. 

The  injuries  to  the  eye  mentioned 
above  and  others  known  to  the 
medical  authorities  into  which  I 
need  not  enter  on  the  present  occa- 
sion, are  due  mainly  to  the  gradual 
influence  of  ultra-violet  light  on  com- 
paratively long  wave-length  such  as 
400  /A/x  to  320  /x/i.  Other  effects,  how- 
ever, such  as  opthalmia  electria  and 
acute  inflammation  generally,  are  mainly 
caused  by  the  ultra-violet  rays  of  wave- 
length less  than  320  /m/x.  Such  inflam- 
mations, which  are  attended  with  great 
inconvenience  and  pain,  in  some  cases 
disappear  in  a  few  days  without  leaving 
permanent  injury  behind,  in  other  cases 
they  leave  permanent  defects.  To 
surround  sources  of  light  with  globes 
of  ordinary  glass  certainly  helps  to 
reduce  the  possibility  of  inflammation 
of  this  kind,  but  it  does  not  prevent 
it  entirely.  For  ordinary  glass,  in  the 
usual  thickness,  allows  ultra-violet  rays 
between  400  /x/x  and  300  /x/x  to  pass 
unhindered. 

As  one  of  the  physical  aims  in  the 
production  of  light  we  may  therefore 
state  the  following  recommendation, 
namely  that  we  should  try  to  produce 
sources  which  are  weak  in  heat  rays 
and  ultra-violet  rays,  hut  rich  in  radia- 
tion of  a  greenish  yellow,  green,  and  blue 
variety. 

It  is  naturally  difficult  to  secure  radia- 
tion of  this  kind  by  modifying  the 
qualities  of  the  illumination  itself  ;  it 
is  much  easier  to  surround  them  with 
suitable  globes  which  absorb  or  weaken 
the  objectionable  radiation.  Ordinary 
varieties  of  glass,  however,  fulfill  this 
condition  only  very  imperfectly,  and 
the  author  was  therefore  led  to  the 
production  of  the  "  Euphos  "  glass, 
whicli  has  the  property  of  absorbing 
the  ultra-violet  rays,  and  also,  to  some 
degree,  those  in  the  red  and  infra-red, 
and  yet  allows  the  greenish  yellow, 
gn^en,  and  blue  to  pass  through  almost 
unaffected. 


Queries  8  to  9. — As  an  example  of 
one  branch  of  the  subject  of  illumina- 
ting engineering  in  which  hygienic  re- 
commendations are  almost  invariably 
ignored,  we  may  quote  the  case  of 
modern  street  lighting.  The  sources 
of  light,  as  ordinarily  used,  high-pressure 
incandescent  gas  light,  and  electric  arc 
lamps  especially,  have  all  so  strong  an 
intrinsic  brilliancy  that  the  eye  suffers 
"  absolute  "  and  permanent  dazzling  in 
encountering  them.  In  addition,  the 
extremely  foolish  system  of  shop- 
window  lighting  by  powerful  lights 
placed  within  the  range  of  vision  of 
pedestrians  helps  to  produce  an  im- 
pression of  glare,  and  cannot  be  too 
strongly  censured.  The  natural  result 
is  that  pedestrians  are  dazzled  and 
bewildered,  and  their  movements  amid 
the  traffic  become  uncertain.  In 
addition  to  the  strictly  "  glaring  "  effect 
the  high  intrinsic  brilliancy  of  these 
sources  causes  a  marked  contraction  of 
the  pupil  of  the  aperture  of  the  eye 
and  the  total  flux  of  light,  entering  the 
eye,  is  reduced  as  the  result.  Now 
this  has  exactly  the  same  effect  as  if  the 
general  lighting  of  the  street,  that  is,  the 
light  received  by  reflection  from  illumi- 
nated bodies,  had  been  enormously 
reduced.  For  the  great  part  of  such 
reflected  light  is  kept  out  of  the  eye  by 
contraction  of  the  pupil,  and  is  abso- 
lutely lost.  Thus  modern  methods  of 
street  lighting  often  involve  the  expendi- 
ture of  light  in  a  quite  useless  manner, 
and  so  far  from  facilitating  the  safe 
regulation  of  traffic,  actually  hinder  it. 
These  objections  can  only  be  met  by 
the  reduction  in  the  intrinsic  brilliancy 
of  street  lamps  by  the  use  of  suitably 
designed  screens  and  globes.  The  polar 
curve  of  light  distribution  of  many 
sources  can  be  very  materially  altered 
by  the  use  of  diffusion,  refraction,  and 
reflexion,  without  too  serious  a  loss  of 
light  being  experienced.  By  the  appli- 
cation of  these  principles  the  expendi- 
ture of  light  in  the  wrong  direction 
could  be  avoided  and  the  conditions 
from  the  standpoint  of  traffic  much 
improved. 

The  ne(^ds  of  traffic  are  also  often 
ill-served  by  head-lights  of  many  cabs, 
automobiles,  &c.,  and  the  sharply 
confined  beam  of  light  which  they  are 
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inclined  to  cast  into  the  eyes  of  passers- 
by- 

In  many  cases  lanterns  attached  to 
vehicles  might  be  proj&tably  provided 
with  diffusing  glass  screens,  and  the 
source  itself  provided  with  a  small 
prismatic  globe  so  as  to  produce  a  more 
uniformly  illuminated  body.  In  addi- 
tion the  provision  of  a  small  general 
illumination  of  the  whole  vehicle  would 
serve  to  minimise  the  tendency  towards 
an  unpleasantly  glaring  effect.  Very 
frequently  under  the  present  conditions 
we  see  these  brilliant  headlights  in 
dark  or  weakly  illuminated  streets 
amidst  sombre  surroundings.  The 
vehicle  itself  appears  a  dark  mass  ow  ing 
to  the  great  brilliancy  of  the  light  in 
front  of  it.  If,  however,  a  portion  of 
the  light  was  used  to  illuminate  the 
vehicle,  we  should  have  a  better  oppor- 
tunity of  observing  its  nature  and  the 
intrinsic  brilliancy  of  the  lantern  itself 
would  not  be  so  severely  felt. 

Probably  illuminated  signs,  periodi- 
cally shining  advertising  devices,  and  so 
forth,  being  composed  mainly  of  frosted 
lamps,  are  not,  as  a  rule  answerable  for 
a  great  degree  of  glare,  and  in  addition, 
the  light  from  these  signs  helps  to 
illuminate  the  surroundings  so  that  the 
contrast  is  not  so  severe.  When,  how- 
ever, unscreened  and  naked  lamps  are 
used  for  this  purpose,  the  effects  are 
naturally  often  objectionable. 

Query  11. — A  complete  answer  to 
this  question  w^ould  not  be  very  service- 
able unless  accompanied  by  illustra- 
tions and  examples  which  would  make 
this  communication  too  lengthy.  I 
will  therefore  confine  myself  to  a  few 
short  remarks  on  the  subject  of  shop 
lighting.  It  cannot  be  sufficiently 
insisted  upon,  that  the  illumination  of 
display  windows  by  means  of  un- 
screened powerful  sources,  placed  out- 
side and  at  a  low  level,  or  by  the  use 
of  such  sources  placed  among  the  goods 
themselves,  so  as  to  fall  within  the 
direct  range  of  vision  of  the  observer,  is 
most  unsatisfactory.  When  such 
methods  are  employed  it  is  impossible 
to  avoid  glare. 

On  the  other  hand,  the  method  of 
illuminating  show-windows  by  diffused 
light  deserves  recommendation.  Accord- 
ing to  this  system  the  lamps  are  placed 


on  the  ceiling  of  the  shop  window  above 
prismatic  or  frosted  glass  panels.  The 
light  is  thus  shed  upon  the  goods  below, 
while  the  passer  by  cannot  see  the 
actual  source.  The  danger  of  dazzling 
pedestrians  can  also  be  avoided  by  the 
method  of  screening  the  lamps  by 
opaque  reflectors  which  throw  light  on 
the  goods  and  at  the  same  time  con- 
ceal the  sources  from  those  looking  into 
the  windows. 

CONCLUSIONS. 

I  feel  that  in  taking  up  such  a  timely 
question  as  the  subject  of  glare,  the 
Illuminating  Engineering  Society  is 
undertaking  a  very  useful  and  valuable 
w^ork,  and  feel  sure  that  the  discussion 
will  give  rise  to  a  number  of  profitable 
suggestions.  It  w^ould,  how^ever,  appear 
to  me  to  be  a  pity  if  these  proposals  for 
the  restriction  of  glare  w^ere  merely 
to  be  the  subject  of  scientific  discussion, 
and  to  be  subsequently  published  as 
such  without  the  general  public  obtain- 
ing the  full  benefit  of  such  recom- 
mendations as  can  be  made. 

In  this  matter  both  the  physiological 
and  physical  aspects  are  of  the  very 
greatest  importance. 

We  have  seen  how  closely  connected 
with  physiology  any  examination  into 
the  cause  of  glare  must  be. 

In  the  same  way  w^e  must  not  forget 
the  physical  aspects  of  illumination,' 
which  include  methods  of  measurement, 
exact  definition,  and  the  standardising 
conditions  affecting  intensity  of  light, 
which  are  often  completely  absent  in 
physiological  literature.  An  attempt 
to  bring  together  these  aspects,  such 
as  that  of  the  Illuminating  Engineering 
Society,  seems  to  me  a  great  step  for- 
ward. 

I  should,  therefore,  like  to  make  the 
further  proposal  that  The  Illuminating 
Engineering  Society  should  appoint  an 
International  Commission  on  the  sub- 
ject, consisting  of  about  8  or  10 
authorities  in  different  countries  who 
should  include  among  their  number  at 
least  two  experts  on  the  physiological 
and  opthalmological  aspects  of  glare," 
and  who  should,  in  addition,  have  a 
special  knowledge  of,  and  interest  in 
illumination.  It  would  be  the  work  of 
this  committee  to  promote  scientific 
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nomenclature  and  to  frame  recom- 
mendations relating  to  glare  and  to 
give  them  full  publicity. 

Among  the  questions  which  such  a 
committee  might  profitably  take  up,  I 
may  suggest  the  following  : — 

1.  The  Definition  of  Glare. 

2.  The  Definition  of  Intrinsic  Bril- 

liancy or  Surface-Brightness. 

3.  Proposals  for  Measurement  "of  the 

Range  of  Adaptation  to  lights 
of  varying  brilliancy  possessed 
by  the  Retina  of  the  Human  Eye 
(see  Illuminating  Engineer,  Feb., 
1910,  page  110). 

4.  Proposals  for  Methods  of  ^Measur- 


Dr.  H.  Lux  (Berlin)  :  I  should  like 
to  deal  with  the  query  of  the  Illuminat- 
ing Engineering  Society  on  the  subject 
of  measurement  of  glare,  and  the  instru- 
ments that  can  be  used  for  the  purpose. 

The  glare  or  *'  intrinsic  brilliancy  " 
of  a  surface  is  defined  by  the  formula, 

— —  where  J.  is  the  intensity  of 

s.  cos  € 

the  light,  s.  is  the  area  of  the  illuminat- 
ing surface,  and  e  the  angle  of  inclina- 
tion of  the  surface  to  the  eye. 

The  difficulties  in  the  measurement  of 
intrinsic  brilliancy  are  mainly  connected 
with  the  measurement  of  the  surface, 
and  the  methods  hitherto  proposed  for 
determining  this  factor  do  not  seem 
to  me  satisfactory.  Dr.  Kriiss  suggests 
that  the  area  of  such  surfaces  can  be 
adequately  estimated  by  the  aid  of  his 
flame-measuring  apparatus.  Dr.  Stock- 
hausen,  on  the  other  hand,  photographs 
the  radiating  surface  and  allowing  for 
the  magnification  of  the  image,  deter- 
mines the  area  of  the  image  by  means 
of  the  planimeter. 

I  believe,  however,  that  the  error  in 
the  determination  by  these  methods 
would  be  very  considerable  in  the  case 
of  such  radiating  surfaces  as  incan- 
descent filaments  or  mantles,  &c. 

I  have  previously  made  experiments 
witli  the  method  of  photography,  in- 
volving the  subsequent  measurement  of 
the  area  of  the  image  with  a  plani- 
meter, for  other  purposes,  and  am  con- 
vinc(;d  tliat  the  error  in  the  results  may 
amount  to  as  much  as  30  X)er  cent, 


ing  the  Degree  of  Glare  of 
illuminants. 

5.  Investigations   on   the  question 

whether  or  no  the  Study  of 
"  After-images  "  could  form  the 
basis  of  such  a  test. 

6.  A  Proposal  for  the  Quantitive 

Measurement  of  Ultra  Violet 
Light. 

7.  The  establishment  of  the  Maximum 

Physiologically  Permissible  In- 
trinsic Brilliancy. 

8.  Rules    for   the   Illumination  of 

School  Rooms,  Lecture  Theatres, 
&c. 

9.  Rules  for  Street  and  Shop  Window 

Illumination. 


because  the  edges  of  the  image  are  not 
sufficiently  sharp.  By  the  use  of  the 
Kriiss  flame-measurer  even  greater 
errors  may  result. 

On  this  ground  it  seems  to  me 
preferable  to  determine  intrinsic  bril- 
liancy by  purely  optical  methods  in- 
volving merely  the  selection  of  a  cer-  , 
tain  area  of  the  luminous  surface,  \ 
by  the  use  of  a  diaphram  with  a  suitable 
aperture  in  it,  «&c.,  which  can  be 
measured  with  certitude. 

When  such  an  aperture  is  completely 
filled  by  the  bright  surface  behind  it 
the  plane  of  the  aperture  itself  can  be 
regarded  as  the  position  of  the  source 
of  the  light  and  its  intensity  can  be 
easily  determined  by  the  usual  photo- 
metrical  methods.  The  area  being 
exactly  known,  the  intrinsic  brilliancy 
can  thus  easily  be  obtained  by  a  single 
measurement. 

The  application  of  this  method  pre- 
sents no  difficulty  when  we  have  to  deal 
with  a  primary  illuminating  surface  of 
considerable  dimensions,  for  example, 
open  flames  and  electric  arcs,  &c. 
The  determination  of  intrinsic  brilliancy 
of  incandescent  filaments  and  mantels 
is,  however,  more  difficult,  since  in 
this  case  the  area  of  the  aperture  in 
front  of  the  incandescent  surface  may 
naturally  liavc  to  be  very  small. 

Even  in  this  case,  liowever,  it  is 
possible  to  over-come  this  difficulty  by 
means  of  tlie  apparatus  which  I  am 
about  to  describe  : — 

This  arrangement  involves  a  sector 
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device  essentially  similar  to  that  de- 
vised by  Brodhun  in  which,  however,  it 
is  the  beam  of  light  which  is  caused  to 
rotate  by  optical  means.  By  means  of 
a  small  motor  m  a  pair  of  rotating 
Fresnel  prisms  are  caused  to  rotate 
so  that  the  beams  of  light,  in  re- 
volving, traces  out  a  cylinder,  and  is 
then  concentrated  along  the  axis  of 


Fresnel  prisms  there  is  on  one  side  a 
second  box,  which  contains  the 
comparison  light. 

Between  the  comparison  light  and 
the  sector  arrangements  there  is  an 
adjustable  screen  r,  which  contains 
dark  glasses  of  varying  opacities.  On 
this  side  of  the  sector  there  is  a  Bech- 
stein   photometer  provided  with  an 


Fig.  1. 


this  cylinder.  During  their  rotation 
the  bundle  of  rays  traverse  a  stationary 
screen  with  an  adjustable  sector  aper- 
ture, and  by  altering  this  sector  (the 
width  of  which  is  read  on  the  scale  T.), 
the  extent  of  the  aperture  and  the 
intensity  of  the  light  can  be  increased 
or  reduced  in  any  desired  proportion. 

Attached  to  the  box  containing  the 
sector  arrangements  of  the  rotating 


observation  telescope  /.  On  the  oppo- 
site side  of  the  photometer,  which  is 
directed  towards  the  lamp  to  be  tested, 
there  is  another  disc  r/,  also  provided 
with  a  series  of  dark  glasses  (see  Fig.  1). 
In  order  to  serve  for  the  determination 
of  "  glare,"  the  disc  r'  can  be  replaced 
by  a  fine  slit,  similar  to  that  used  in 
the  spectroscope  (see  Fig.  2). 
The  slit  <s  is  5  millimetres  in  length, 
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and  its  breadth  can  be  read  on  a  drum 
n  in  hundredths  of  milhmetres.  Im- 
mediately behind  the  sUt  there  is  a 
frosted  glass  screen  of  known  trans- 
parency. The  slit  is  open  just  suffi- 
ciently wide  to  be  covered  entirely  by 
the  illuminating  source,  of  which  the 
intrinsic  brilliancy  is  to  be  determined. 
The  intensity  of  the  illuminated  slit 


on.  Meantime  I  may  add,  that  by 
their  aid  I  have  already  ascertained 
that  even  the  intrinsic  brilliancy  of  the 
extremely  thin  filament  of  a  32-candle' 
power  22-volt  Tungsten  lamp  can  be 
measured  by  this  photometric  means, 
although  the  area  of  the  slit  used  in 
this  case  is  only  about  0*25  square 
millimetres. 


Fic.  2. 


is  then  measured  by  the':;I^p.rdinary 
photometrical  method,  the  li^Ht  being 
adjusted  by  an  alteration  of  the 
sector  opening. 

In  this  short  space  it  is  hardly  possible 
for  me  to  describe  the  series  of  exact 
measurements  which  I  have  been  able 
to  carry  out  with  this  recently  devised 
apparatus  ;  I  hope,  however,  to  describe 
these  researches  in  greater  detail  later 


Professor  A.  Grau  (Vienna)  :  A 
source  of  light  or  illuminated  surface 
must  be  termed  "  glaring  "  if  either  its 
intrinsic  brilliancy  is  excessive  or  ex- 
ceeds that  of  the  surroundings  to  such 
an  extent  that  the  contrast  between  the 
image  of  the  object  formed  on  the 
retina  and  its  surroundings  is  too 
severe. 

As  examples  of  glare  so  produced,  we 
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may  mention  the  result  of  gazing 
direct  at  a  white-glowing  surface  of 
large  area  or  a  metallic  filament  glow 
lamp  consuming  one  watt  per  Hefner, 
or,  lastly,  the  effect  of  passing  from 
more  or  less  dark  surroundings  into  a 
brightly  illuminated  room. 

In  many  cases  one  can  avoid  the 
possibility  of  glare  by  the  use  of  what 
may  be  termed  "  diffuse "  or  "in- 
verted "  illumination,  but  as  a  rule  it 
seems  to  me  very  convenient  to  obtain 
the  same  result  by  sub-division,  i.e.,  the 
use  of  a  larger  number  of  small  sources 
in  preference  to  a  few  powerful  ones. 

As  regards  the  effect  of  light  from 
different  regions  of  the  spectrum,  I  may 
say  that  while  it  seems  to  be  generally- 
recognized  that  the  rays  of  short 
wave-length  are  less  satisfactory 
hygienically  than  those  of  long  wave- 
length, I  still  do  not  think  that  the 
increased  percentage  of  such  radia- 
tion in  the  newer  illuminants  is  the 
primary  cause  of  "  glare." 

Messrs.    Korting    &  Mathieson, 

Berlin  (communicated  by  Mr.  J. 
Eck)  : — Before  dealing  with  the  ques- 
tions individually  it  is  desirable  to 
deal  with  natural  and  artificial  illumi- 
nation from  a  general  standpoint. 

The  first  natural  source  of  illumina- 
tion is  the  sun,  and  in  this  connection 
we  must  distinguish  between  two  dis- 
tinct sets  of  conditions  : — 

1.  The  direct  illumination,  such  as  is 

given  by  sunshine. 

2.  The  indirect  illumination,  such  as 

is  given  by  a  cloudy  sky. 

Between  these  two  forms  of  illumina- 
tion there  is  a  considerable  difference. 
In  the  first  case,  the  direct  light  greatly 
preponderates  as  compared  with  the 
diffused  light  reflected  from  the  dust 
particles  in  the  air,  and  such  reflection 
as  is  due  to  one  or  two  clouds  which 
may  be  present,  the  result  being  large 
shadow  contrasts.  In  the  second  case 
we  have  a  more  perfect  form  of  diffused 
light  than  can  be  obtained  by  any 
artificial  means.  Without  doubt  diffused 
daylight,  on  account  of  the  evenly 
diffused  shadowless  illumination,  is,  for 
many  operations,  much  superior  to 
direct  daylight. 

Diffused  daylight   approaches  very 


closely  to  even  illumination,  for  there 
is  no  appreciable  contrast  of  light  and 
shadow,  and  most  particularly  no 
glaring  effect  on  the  eyes,  due  to  the 
sun,  are  present. 

Although  evenly  diffused  daylight 
has  its  great  advantages,  there  are 
many  operations,  which,  although  some- 
what interfered  with  by  the  presence 
of  shadows,  can  be  carried  on  with 
equal  advantage  in  direct  sunlight. 

In  addition  to  this  direct  sunlight  is 
desirable  for  some  purposes,  because 
of  the  contrasts  or  shadows  it  produces, 
and  further,  if  the  amount  of  heat 
radiated  is  not  too  great,  it  has  an 
enlivening  and  stimulating  effect,  as 
we  all  realise  by  the  popularity  of  out- 
door sports,  walking,  running,  playing 
games,  &c.  We  are  so  accustomed 
to  protect  our  eyes  from  the  direct  sun- 
light that  we  cannot  in  general  say  that 
sunshine  has  a  deleterious  effect, 
although  it  is  undoubtedly  the  most 
glaring  of  all  illumination,  due  to  the 
fact  that  in  intrinsic  brilliancy  and  in 
area  no  source  of  artificial  illumination 
has  3-et  been  able  to  compete  with  it. 

It  is  desirable  when  arranging  for  the 
artificial  illumination  of  places,  to 
approach,  as  far  as  possible,  both  in 
quality  and  evenness  of  diffusion,  the 
illumination  obtained  by  day  from  the 
sun. 

Dealing  with  the  question  of  the 
quality  of  artificial  illumination,  it  is 
desirable,  especially  for  offices,  work- 
shops, factories,  &c.,  to  have  illumina- 
tion that  is  practically  shadow-free,  and 
this  can  be  obtained  in  the  most  satis- 
factory manner  by  the  means  of  arc 
lamps,  either  by  having  suitable  diffus- 
ing and  distributing  globes,  or  through 
reflected  light  from  large  surfaces,  used 
in  connection  with  open  arc  lamps. 
These  sj/stems,  without  doubt,  entail  a 
certain  amount  of  loss  in  light,  but  in 
spite  of  this,  due  to  the  absence  of 
contrast,  an  illumination  apparently 
equal  to  that  obtained  from  the  direct 
lighting  open  arc  lamp  is  obtained.  The 
requirements  of  rooms  used  for  various 
operations  are  different,  but  these  are 
well  kno\m  to  those  interested  in 
artificial  illumination.  During  the  last 
twenty  years  three  chief  sj^stems  of 
arc  lamp  illumination  have  become 
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recognised  as  suitable  for  interior 
illumination.  The  best  system  is  that 
which  is  knowTi  as  the  totally  indirect, 
viz.,  in  which  nearly  the  whole  of  the 
direct  rays  from  the  lamp  are  reflected 
from  a  matt  white  surface  placed  above 
the  lamp,  which  for  this  purpose  is 
constructed  to  burn  with  its  crater 
inverted.  Next  in  value  to  this,  is  that 
using  the  ordinary  arc  lamp,  that  is  to 
say,  without  any  inversion  of  the  arc, 
but  having  below  the  arc  an  opal  glass 
screen,  which  permits  a  certain  pro- 
portion of  the  light  to  pass  through, 
whilst  the  rest  is  reflected  towards  the 
ceiling,  and  there  again  reflected,  this 
system  may  be  distinguished  as  the 
Semi -Indirect. 

The  third  system  also  uses  the 
ordinary  arc  lamp  in  connection  with 
either  the  usual  opaline  glass,  a  ground 
glass,  or  an  opal  glass  globe  :  even  with 
this  style  of  lamp  a  considerable  pro- 
portion of  the  light  is  reflected  from  the 
surroundings,  either  the  ceiling  or  the 
walls,  and  mingles  with  the  direct  light, 
producing  an  inferior  grade  of  semi- 
indirect  illumination,  still  for  the  present 
purposes  this  may  be  called  Direct 
Illumination. 

The  system  of  illumination,  as  men- 
tioned above,  that  is  desirable  for  differ- 
ent places,  varies,  but  from  practical 
experience  we  have  found  the  following 
a  good  general  rule  : — 

(a)  Totally  Indirect  Light  for  lecture- 
rooms,  school-rooms,  drawing 
offices,  museums,  and  indoor 
tennis  courts. 
(6)  Semi-Indirect  Light,  chiefly  for 
churches,  libraries,  operating- 
rooms,  commercial  offices,  spin- 
ning and  weaving  mills,  post 
offices,  sorting-rooms,  type-set- 
ting departments,  printing  offices 
woodworking  mills,  paper  and 
rubber  factories,  gymnasiums, 
&c. 

(c)  Direct  Lighting  for  showrooms, 
dancing  and  concert  halls, 
restaurants  and  cafes,  market 
places,  slaughter  houses,  swim- 
ming baths,  sliops,  railway  works 
and  generally  speaking  factories 
dealing  with  large  articles,  such 
as  pumps,  boilers,  engines,  cast- 
ings, also  for  bleaching  works, 


dye  -  mixing  establishments, 
breweries,  &c.,  and  in  general  for 
undertakings  which  are  con- 
ducted to  a  large  extent  in  the 
open  air. 

In  some  cases,  as,  for  instance,  large 
public  rooms  used  for  concert  and 
assembly  purposes,  a  mixed  system  of 
lighting  is  often  desirable,  such  as  partly 
direct  illumination  and  partly  indirect 
illumination. 

The  above  classification  is  purely 
general,  and  will  often  have  to  be 
modified  in  accordance  with  the  size  of 
the  rooms,  the  taste  of  the  owners,  and 
other  local  circumstances. 

Glare  from  Illumination. 

The  glare  produced  by  a  source  of 
light  is  often  due  to  direct  reflection 
from  the  surfacce  of  the  object,  and 
this  often  interferes  largely  with  the 
power  of  observation. 

Every  one  has  noticed  that  white 
writing  on  a  black  board  is  often 
illegible,  due  to  reflection  of  the  light 
from  the  smooth  surface  of  the  board, 
while  the  same  effect  is  also  noticeable 
in  connection  with  black  letters  printed 
on  a  highly  glazed  white  paper.  Both 
of  these  effects  may  be  said  to  be  due  to 
a  form  of  glare,  and  it  is  well  to  remem- 
ber that  these  effects  are  not  present 
when  indirect  or  diffused  light  is  used. 
When  the  source  of  illumination  is  a 
small  one,  such  as,  for  instance,  an 
incandescent  lamp,  care  must  always  be 
taken  to  place  the  observer  and  the 
object  in  such  positions  that  no  direct 
reflection  from  the  object  reaches  the 
eye. 

The  Glaring  Effects  Produced  from  the 
Source  of  Illumination. 
Glare  can  only  be  produced  on  the 
eye,  when  the  source  of  illumination 
is  within  the  radius  of  observation 
covered  by  the  eye.  It  is,  therefore, 
necessary  to  arrange  all  illumination- 
devices  so  that  they  are  outside  the 
ordinary  radius  of  observation  of  the 
eye,  that  is  to  say,  one  should  place  them 
eitlier  liigh  up,  or  if  this  is  not  possible, 
place  sonic  form  of  screen  or  shade 
in  a  suitable  position.  Most  serious 
results  can  be  ])roduced  by  sources  of 
illumination  when  the  observer  has  to 
keep  his  attention  for  a  considerable 
time  upon  a  certain  object  or  look  for  a 
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period  in  a  certain  direction,  such  as 
may  be  the  case  in  schools  and  lecture 
rooms.  For  such  purposes,  all  direct 
forms  of  illumination  should  be 
aboHshed,  and  only  totally  indirect 
ones  used.  In  other  cases,  in  offices, 
libraries,  &c.,  where  persons  are  chiefly 
looking  in  the  downwards  direction, 
it  is  permissible  for  the  light  to  have  a 
certain  amount  of  direct  reflection, 
and  therefore  here,  the  semi-indirect 
from  of  illumination  is  permissible. 

Taking  into  consideration  the  above 
general  statements,  the  following 
answers  are  given  to  the  queries. 

1.  What  exactly  constitutes  a  "  glar- 
ing "  system  of  illumination  ? 

A  brilliant  form  of  illumination  in 
which  direct  light  falls  upon  the  eyes 
from  one  direction  and  produces  a 
tiring  effect  or  eye-strain  ;  also,  if  an 
excessively  brilliant  source  of  illumina- 
tion comes  within  the  radius  of  observa- 
tion of  the  eye,  and  so  affects  it  that  the 
power  of  observation  is  diminished. 

2.  Evidence  is  needed  of  instances  in 
which  undue  brilliancy  of  injudiciously 
placed  sources  of  light  has  been  unques- 
tionably projudicial  to  eyesight.  Sug- 
gestions for  the  collection  of  data 
regarding  eyesight  and  health  and  con- 
ditions of  illumination  enjoyed  by  school 
children,  &c. 

The  reply  given  under  1  above,  in- 
stances the  prejudicial  effects  upon  the 
eyes.  As  already  mentioned,  it  is 
desirable  to  eliminate  as  far  as  possible, 
all  light  coming  direct  from  the  source 
into  the  eye.  The  cases  given  above  in 
connection  with  lecture  halls  and  schools 
are  important,  and  it  is  well  to  remem- 
ber that  with  artificial  illumination, 
it  is  quite  possible  to  arrange  the  source 
of  light  so  that  approximately  the  same 
illuminating  effects  are  obtained  in 
rooms  at  night  as  are  present  in  day- 
light. 

3.  Is  it  desirable  to  recommend  that 
sources  of  a  brilliancy  higher  than  a 
certain  limiting  value  should  never  be 
used  unscreened  in  interiors  ?  Or  that 
such  sources  should  always  be  placed  at 
a  certain  minimum  distance  from  the 
ground  ? 

This  is  dealt  with  in  the  general 
remarks  preceding  the  definite  replies. 


4.  What  is  the  maximum  intrinsic 
brilliancy  on  the  part  of  an  illuminant 
which  can  be  considered  physiologically 
harmless  under  ordinary  conditions  ? 
To  what  extent  is  the  glaring  effect  of 
bright  lights  dependent  on  the  distance 
of  the  eye,  on  "  brightness  per  unit 
area,"  and  on  the  area  and  total 
amount  of  light  radiated  by  a  source  ? 
In  what  manner  is  the  desirable  in- 
trinsic brilliancy  of  an  illuminant 
governed  by  the  brightness  of  sur- 
roundings and  by  the  area  over  which 
the  glare  is  distributed  ? 

To  what  degree  is  the  sharpness 
of  the  shadows  cast  by  concentrated 
sources  of  great  brilliancy  responsible 
for  glare  ?  Is  the  effect  of  glare 
rendered  more  acute  by  variations  in 
the  intensity  of  an  unsteady  source  of 
light  ? 

This  question  is  interconnected  with 
the  quality  of  the  light  so  far  as  absence 
from  shaows  is  concerned.  The  require- 
ments for  the  many  different  cases 
existing  in  practice,  are  so  various, 
that  it  is  impossible  to  give  a  general 
answer  that  would  be  of  value.  It 
should  be  here  noted  that  the  glaring 
effects  produced  by  an  unsteady  source 
of  light  are  much  more  serious  than 
those  produced  by  a  perfectly  steady 
light,  as  the  eye  is  tired  by  the  constant 
process  of  accommodating  itself  to  the 
flickering  of  the  light,  quite  apart  from 
any  accommodation  to  the  varying 
intrinsic  brilliancy  of  it. 

5.  Is  there  any  reliable  and  simple 
physiological  test  by  which  it  can  be 
readily  ascertained  whether  an  existing 
system  of  illumination  is  open  to  objec- 
tion, on  account  of  glare  ?  Could  the 
opening  and  closing  of  the  pupil  aper- 
ture be  so  used  ? 

The  best  test  would  probably  be  to 
personally  undertake  the  ordinary  work 
carried  on  in  the  worst  illuminated  part 
of  the  room  in  question,  the  test  to  last 
for  one  or  two  hours.  The  simplest 
test  is  to  stand  with  one's  back  towards 
the  wall  and  look  upon  a  brightly 
illuminated  object  placed  near  the 
opposite  wall :  if  one  then  obscures  the 
source  of  light  with  an  opaque  screen, 
for  say  one  or  two  minutes  and  then 
quickly  removes  this  screen,  the  pupils 
of  the  eyes  will,  if  the  glare  of  the 
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light  is  too  great,  be  over- contracted. 
The  result  will  be  that  the  wall  in  the 
neighbourhood  of  the  source  of  light 
will  then  for  an  appreciable  time 
appear  to  be  less  brilliantly  illuminated 
than  it  was  previously.  With  a  pro- 
perly and  comfortably  illuminated  room 
using  either  the  indirect  or  semi- 
indirect  arc  lighting  system,  it  will  be 
found  that  the  contraction  of  the  pupils 
of  the  eyes,  when  the  screen  is  removed, 
will  be  exceedingly  small,  and  that  it  will 
be  hardly  possible  to  notice  any  varia- 
tion in  the  illumination  of  the  objects 
in  the  neighbourhood.  On  the  other 
hand,  if  the  room  is  illluminated  by 
screened  sources  of  light,  such  as,  for 
instance,  gas  lamps  or  incandescent 
lamps  hung  too  low,  a  considerable 
difference  in  the  illumination  will  be 
noticed. 

6.  What  instruments  are  available  for 
measuring  in  a  simple  manner  the  in- 
trinsic brilliancy  of  any  luminous 
object  ?  And  what  accuracy  may  be 
expected  in  such  measurements  ? 

For  this  purpose  the  ordinary  appara- 
tus used  for  measurements  of  low 
luminous  intensity  is  suitable.  One 
would  recommend  measurement  of  the 
luminous  intensity  of  the  surface,  and 
divide  this  by  the  area  of  the  surface, 
and  in  this  way  obtain  the  surface  or 
intrinsic  brilliancy. 

7.  Is  excess  of  Hght  of  all  colours 
equally  harmful  ?  To  what  extent 
are  the  prejudicial  effects  of  incautious 
exposure  to  brilliant  sources  of  light 
due  to  utra-violet  rays  ? 

The  most  unsuitable  rays  for  the 
eyes  are  : — 

(a)  The  heat  rays. 

(6)  An  excess  of  ultra-violet  rays. 

8.  Is  the  intrinsic  brilliancy  of  some 
sources  used  in  the  streets  too  high  ? 
And  would  a  restriction  of  the  existing 


brightness  prove  beneficial  from  the 
point  of  view  of  traffic,  &c.  Sugges- 
tions regarding  the  avoidance  of  glare 
from  the  headlights  of  vehicles,  &c. 

Yes,  particularly  when  used  in  dark 
streets.  The  lamps  used  on  motor- 
cars and  bicycles  should  have  a  screen 
over  the  upper  half,  say  of  opal  glass, 
which  has  the  advantage  of  throwing 
a  modified  light  upwards,  so  that  it 
would  be  possible  for  the  driver  of  the 
motor-car  to  observe  objects  in  the 
neighbourhood,  whilst  the  stronger 
low  half  would  serve  to  light  the  road 
and  give  warning  at  a  distance. 

10.  Should  any  recommendations  as 
to  the  limiting  brightness  of  illuminants, 
and  illuminated  surfaces,  such  as  shades, 
&c.,  in  interiors,  be  made  from  the 
artistic  standpoint  t 

In  this  case  it  is  necessary  to  dis- 
tinguish between  : 

(a)  Ordinary  domestic  or  business 
rooms. 

(6)  Large  reception  rooms,  halls,  and 
places  where  special  illumination, 
which  in  the  ordinary  way  would 
be  uncomfortable,  is  desirable. 

(a)  For  such  places  one  would 
naturally  use  screens  and  shades,  so 
that  as  far  as  possible  the  eye  is  screened 
from  the  source  of  light,  the  most 
desirable  form  being  shades  like  two 
truncated  cones  joined  at  their  apices, 
with  the  bases  horizontal,  one  facing 
upwards  and  one  downwards.  Such  an 
arrangement  would  procure  for  a  room 
perfect  illumination  without  any  glar- 
ing effects  on  the  eye. 

[b)  For  such  places  the  conditions 
mentioned  in  {a)  above  may  be  com- 
plied with,  but  in  many  cases  it  is 
desirable  also  to  have  unscreened  lights, 
and  these  should  be  placed  as  high  up  as 
possible. 
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(Founded  in  London,  1909.) 

New  Members  of  the  Society. 

As  announced  elsewhere,  the  gentlemen  whose  names  had  been  submitted  for 
membership  of  the  Illuminating  Engineering  Society  at  the  meeting  on  January 
11th,  1910,*  were  formally  declared  Members  of  the  Illuminating  Engineering 
Society  at  the  meeting  held  on  February  15th. 

Honorary  Members. 
The  following  gentlemen  have  been  nominated  Hon.  Members,  in  accordance 
with  the  constitution  of  the  Illuminating  Engineering  Society,  Articles  5  and  18,t 
which  empowers  the  Society  to  nominate  each  year  as  Hon.  Members  three 
authorities  who  have  rendered  distinguished  services  in  connexion  with  the 
development  of  illumination  : — 

Preece,  Sir  William,         Consulting  Electrical  Engineer,  Past  President  of  the  Institu- 
K.C.B.,  F.R.S.,  &c.  tions  of  Electrical  and  Civil  Engineers.  Gothic  Lodge, 

Wimbledon,  London. 
In  recognition  of  valuable  pioneering  work  in  connexion  with  the  measurement  of 
illumination. 

Swan,  Sir  Joseph,  Past  President  of  the  Institution  of  Electrical  Engineers, 

M.A.,  F.R.S.,  D.Sc.,&        58,  Holland  Park,  London,  W. 

In  recognition  of  valuable  services  in  connexion  with  electric  lighting,  and  as  one  of 
the  inventors  of  electrical  incandescent  lamp. 

Yernon  Harcourt,  Prof.    Past  President  of  the  Chemical  Society,  Metropolitan  Gas 
A.  G.,  M.A.,  F.R.S.,  Referee,  &c.,  St.  Clare,  Ryde,  Isle  of  Wight. 

In  recognition  of  valuable  services  in  connexion  with  photometry  and  the  invention 
of  standards  of  light. 

In  addition  the  names  of  the  following  gentlemen  have  been  duly  submitted 
to  and  approved  by  the  Council  and  were  read  by  the  Hon.  Secretary  at  the  last 
meeting  of  the  Society  on  Feb.  15th  : — 

Ordinary  Members. 

Walmesley,  Prof.  R.  M.  Principal  of  The  Northampton  Institute,  28,  St.  John  Street, 

D.Sc,  F.R.E.E.,  etc.  London,  E.C. 

Bayliss,  Dr.  W.  M.  Assistant  Professor  of   Physiology  of  University  College, 

MA.,  D.Sc,  F.R.S.  London,  St.  Cuthbert's,  Hampstead  Heath,  London. 
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(FOUNDED  IN  LONDON,  1909.) 

First  Anniversary  Dinner. 

{Held  at  the  Criterion  Restaurant,  London,  W.,  on  February  lOth,  1910.) 

The  First  Anniversary  Dinner  of  the  more  strikingly  the  number  of  different 
illuminating  JEUGineerinG  Society  societies  and  professions  which  cordially 
was  held  at  the  Criterion  Restaurant  recognise  the  need  of  the  Illuminating 
(London,  W.)  on  Thursday,  Feb.  10th.   Engineering  Society. 

It  is  interesting  to  recall  that  it  is  On  page  192  will  be  found  a  scheme 
just  a  year  since  a  dinner  was  held  at  of  the  position  of  those  present  as  pre- 
the  same  restaurant  for  the  purpose  of  pared  just  before  the  dinner.  On  the 
forming  the  Society  (see  The  Illu-  eve  of  the  meeting  a  telegram  was 
minating  Engineer,  March,  1909,  p.  154).    received  from  the  President  expressing 

On  that  occasion  the  Society  enrolled  his  great  regret  that,  owing  to  indis- 
about  thirty  members,  and  it  was  position,  he  could  not  be  present,  and 
decided  that  the  time  was  ripe  for  wishing  the  Society  a  pleasant  and 
pressing  on  with  its  organization.  A  successful  evening.  In  his  absence, 
Committee  was  therefore  appointed  to  the  chair  was  kindly  taken  by  Sir  Henry 
consider  the  framing  of  statutes,  &c.  Trueman  Wood,  the  Secretary  of  the 
This  Committee  subsequently  reported  Royal  Society  of  Arts.  Mr.  L.  Gaster, 
at  a  general  meeting  of  the  Society  on  Hon.  Sec.  of  the  Society,  also  read 
May  25th,  1909,  when  the  suggested  letters  which  had  been  received  from 
constitution  of  the  Society  was  adopted  a  number  of  influential  authorities 
and  the  Committee  reappointed  with  representative  of  different  aspects  of 
power  to  add  to  their  numbers,  as  the  illumination,  expressing  regret  at  their 
nucleus  of  the  first  Council  of  the  Illumi-  inability  to  be  present.  Among  these 
nating  Engineering  Society.  may  be  mentioned,  the  Presidents  of  the 

Subsequently  the  Society  had  the  Royal  Society,  the  Institution  of  Elec- 
privilege  of  receiving  the  consent  of  trical  Engineers,  the  Physical  Society, 
Professors.  P.  Thompson,  D.Sc.,F.R.S.,  and  the  Opthalmological  Society,  Sir 
to  act  as  the  first  President,  and  William  Crookes,  Sir  Joseph  Swan, 
Professor  Thompson  delivered  an  ad-  Professor  Vivian  Lewes,  Sir  Boverton 
dress  at  the  inaugural  meeting  on  Redwood,  Dr.  W.  M.  Bayliss,  Mr.  G.  M. 
November  18th.  Light  (Hon.  Solicitor  to  the  Illuminating 

During  this  period  the  membership  of   Engineering  Society),  &c. 
the  Society  had  risen  to  about  one 

hundred  and  fifty  members.  It  is  Toast The  Prosperity  of  the 
gratifying  to  observe  that  in  the  short   Illuminating  Engineering  Society." 

time  that  has  elapsed  since  this  step, 

the  number  of  members  has  increased  The  Loyal  Toasts  having  been  duly 
to  about  two  hundred.  honoured, 

The  proceedings  at  this  Inaugural  Mr.  A.  P.  Trotter,  M.I.E.E.,  pro- 
Meeting  served  to  explain  the  impartial,  posed  the  toast  of  "  The  Prosperity  of 
and  international  attitude  which  the  the  Illuminating  Engineering  Society,'' 
Society  desired  to  maintain,  and  the  and  said  :  Ladies  and  Gentlemen, 
wide  support  which  it  might  expect  to  I  have  to  propose  to  you  to-night  "  The 
receive.  More  recent  events  have  fully  Prosperity  of  the  Illuminating  Engineer- 
confirmed  these  aspirations.  The  ing  Society,"  or,  in  other  Avords,  the 
account  of  the  first  anniversary  dinner  health  of  the  Society.  The  Society  is 
which  follows  perhaps  illustrates  even   healthy.    It  is  a  baby  of  one  year  old 
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to-day,  a  very  promising  child ;  a 
child  which  has  hardly  learnt  to  talk. 
It  began  to  say  something  last  month 
and  is  going  on  to  finish  its  remarks 
next  week. 

The  custom  we  have  of  cekbrating 
these  events  by  a  dinner  is  almost 
exclusively  an  English  one.  Someone 
has  said  that  if  a  comet  struck  the 
world  and  demolished  almost  every- 
thing and  there  were  twenty  Englishmen 
left,  as  soon  as  possible  they  would  meet 
together  to  celebrate  the  event  by  a 
dinner.  People  have  said  to  me  : 
"  What  is  this  Illuminating  Engineering 
Society  ?  "  Well,  at  least  we  can  say 
it  is  a  Society  that  dines.  And  after  all 
there  are  some  societies  who  do  nothing 
but  dine,  and  excellent  ones  they  are  too. 

We  have  yet  to  make  known  our 
intentions  more  widely  amongst  scien- 
tific people  than  they  are  at  present. 
There  are  no  end  of  things  we  have 
to  do,  and  the  importance  of  the 
Society  cannot  fail  to  impress  itself  upon 
people.  Think  of  the  millions  of  pounds 
sterling  invested  in  the  production  of 
light  !  Whoever  thinks  of  investiga- 
ting the  results  by  measurement  ? 
Some  people  say  that  the  results  are 
dividends  ;  others  say  that  the  results 
are  candle  -  power.  As  a  scientific 
Society,  of  course,  we  shall  be 
critical.  Some  people  are  always 
critical,  others  are  always  optimis- 
tic. There  is  room  for  both,  and  a 
Society  would  hardly  get  on  without 
both.  It  would  be  rather  terrible  if 
we  were  nothing  but  critics,  and  it 
would  be  rather  useless  if  we  were 
nothing  but  optimists.  There  is  room 
for  any  amount  of  science  and  mathe- 
matics, and  any  amount  of  theory  ;  but 
you  can  have  too  much  theory. 

There  is  one  member  of  the  Society 
we  cannot  help  missing  to-night,  that  is 
3ir  William  Preece.  I  saw  him  to-day 
looking  very  well  and  hearty,  but  he 
says  he  is  absolutely  forbidden  by  his 
doctor  to  be  out  at  night,  and  he  asked 
me  to  communicate  to  the  Society  how 
sorry  he  is  not  to  be  able  to  attend. 
Sir  William  Preece  was  the  first  man  in 
this  country,  I  believe,  to  recognise 
illumination  as  we  study  it.  He 
was  the  man  who,  when  the  City  was 
lighted  by  big  arc  lamps  twenty-five 


years  ago  said  :  "  Let  us  put  aside 
candle-power  and  measure  the  illumina- 
tion." He  it  was  who  began  that 
branch  of  science  which  will  have  an 
important  future  in  our  Society.  With 
these  few  words,  I  ask  you  to  drink  to 
the  prosperity  of  the  Illuminating 
Engineering  Society.  (Applause.) 

Response. 
The  Chairman  :  I  think  the  reply  to 
this  toast  ought  to  have  been  put  into 
the  hands  of  one  of  the  members  of 
this  Society  who  have  done  more  of  its 
work.  As  I  am  really  filling  a  gap  I 
can  only  say  that  I  wish  our  President 
was  here  to  give  you  one  of  those 
interesting  addresses  which  he  always 
does  in  so  eloquently  and  happy  a 
manner.  I  have  followed  the  working 
of  the  Society  with  very  great  interest, 
and  though  I  must  admit  that  at  first  I 
viewed  with  some  little  regret  and 
some  little  doubt  the  establishment 
of  a  new  Society,  when  there  are 
already  so  many  competing  for  the 
public  support,  I  have  yet  come  to  see, 
from  a  study  of  your  transactions, 
that  after  all  there  is  room  for  a  very 
special  Society  such  as  you  gentlemen 
have  formed.  As  the  progress  of  science 
goes  on,  it  becomes  more  and  more 
specialized  and  more  difficult  for  any- 
one who  is  only  a  mere  amateur  to 
follow  the  progress  of  the  various 
branches  into  which  science  divides  and 
subdivides  itself.  Personally,  I  have 
to  admit  that  there  is  a  great  deal  of 
value  in  an  institution  which  can  study 
illumination  as  a  whole  rather  than 
the  means  by  which  that  illumination 
is  produced.  There  are  many  engineer- 
ing societies  besides  the  great  general 
societies  which  deal  especially  with  the 
two  principal  means  of  illumination, 
electricity  and  gas  ;  but  I  am  sure  there 
are  a  great  many  problems  which  cannot 
be  dealt  with  properly  either  from  the 
side  of  the  electrical  engineer  or  the 
gas  engineer,  and  it  is  an  excellent  thing 
that  an  institution  should  be  founded 
to  deal  only  with  the  very  difficult 
prolyl  ems  which  are  presented  to  it. 
Eiom  wliat  I  know  of  this  Society's 
work,  I  do  not  think  it  has  any  need 
to  be  ashamed  of  its  work  during  the 
past  year,  and  there  is  every  reason- 
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able  prospect  in  the  years  to  come, 
when  it  shall  no  longer  be  a  young 
institution,  but  an  old-established  and 
important  Society,  it  will  have  a  record 
to  look  back  upon  of  which  it  may  be 
proud.  I  am  sure  that  all  you  gentle- 
men will  agree  with  the  hope  that  the 
Society  will  meet  with  prosperity,  and 
more  than  that,  you  will  all  of  you  do 
your  best  to  make  the  Society  not  only 
a  prosperous  one,  but  also — what  is  of 
more  importance — a  useful  one.  (Ap- 
plause.) 

Toast :     Our  Honorary  Members." 

The  Chairman :  It  now  becomes  my 
duty  to  propose  the  health  of  "  Our 
Honorary  Members,"  and  it  affords  me 
very  much  pleasure  to  do  so,  because 
they  are  three  very  old  personal  friends 
of  mine — Sir  William  Preece,  Sir  Joseph 
Swan,  and  Prof.  A.  G.  Vernon  Harcourt. 
There  is  only  one  of  them  present,  and 
I  could  wish  I  had  had  more  oppor- 
tunities of  seeing  him,  because  it  so 
happens  that  I  know  the  other  two  a 
great  deal  better  than  I  know  Prof. 
Harcourt.  At  the  same  time,  I  have 
worked  with  him  in  a  humble  position 
in  the  British  Association  years  ago. 
when  he  was  the  esteemed  Secretary  of 
the  Association.  I  then  got  to  know 
his  work,  and  of  course,  we  all  know  his 
scientij&c  reputation.  I  think  the 
Society  is  fortunate  in  being  supported 
by  three  such  eminent  men.  I  have 
great  pleasure  in  proposing  the  toast 
and  coupling  with  it  the  name  of  Prof. 
Vernon  Harcourt.  (Applause.) 

Prof.   A.   G.   Yernon  Harcourt: 

Ladies  and  Gentlemen,  I  did  not  expect 
to  be  called  upon  to  speak  ;  indeed,  I 
took  the  precaution  before  I  accepted 
the  pleasure  of  dining  among  you  of 
writing  to  the  Hon.  Secretary  to  say 
that  at  my  advanced  age  I  thought  it 
was  hardly  fair,  having  done  my  share 
of  speaking  on  other  occasions,  that 
I  should  be  called  upon  to  do  so. 
However,  after  the  kind  words  used  by 
Sir  Henry  Trueman  Wood,  I  must  say 
that  I  was  gratified  by  the  offer  which 
was  made  by  your  President  and  Secre- 
tary when  they  invited  me  to  become, 
an  Hon.  Member  of  your  Society,  which 
I      deals  with  the  subject  with  which 


I  have  long  been  connected,  and  also 
by  the  invitation  to  come  here  this 
evening.  I  am  sorry  that  I  alone  of  the 
three  should  be  here.  I  quite  agree  that 
it  is  a  happy  thought  to  bring  together 
electricians  and  those  who  are  interested 
in  the  subject  of  illuminating  gas  so  that 
they  may  confer  as  to  the  modes  of 
measuring  the  amount  of  light  and  can 
compare  notes,  each  giving  information 
on  his  own  subject  of  the  means  by 
which  that  light  is  produced.  There 
is  always  a  difficulty  in  starting  a  new 
Society  because  of  the  number  of 
societies  already  in  existence.  We 
already  have  the  Institution  of  Gas 
Engineers  and  the  Institution  of  Elec- 
trical Engineers.  Both  these  subjects 
are  growing,  and  1  have  no  doubt  that, 
advantage  will  be  gained  by  the  dis- 
cussions which  take  place  at  your 
meetings  and  by  the  bringing  together 
of  those  who  are  concerned  with  these 
two  modes  of  illumination.  I  hope  that 
the  result  of  the  labour  of  your  Society 
will  be  that  there  will  be  a  large  advance 
in  the  knowledge  of  these  subjects, 
and  I  doubt  not  that  this  newly-founded 
Society  will  bear  a  large  share  in  that 
advance.  I  thank  you  gentlemen  for 
your  kindness  in  drinking  my  health 
and  that  of  my  two  colleagues.  (Ap- 
plause.) 

Toast :  "  Kindred  Societies." 

Mr.  L.  Gaster :  Mr.  President, 
Ladies,  and  Gentlemen, — The  toast 
which  I  have  the  honour  to  propose  is 
one  which  must  appeal  with  special 
force  to  members  of  the  Illuminating 
Engineering  Society.  For  what  is  the 
main  feature  of  our  programme  ? 
Simply  co-operation.  We  desire  to  bene- 
fit by  the  experience  of  other  societies 
and  other  nations  than  our  own,  in  the 
special  branches  of  illumination  with 
which  they  are  connected.  We  wish 
to  bring  together  and  concentrate  the 
efforts  of  all  those,  engineers,  architects, 
physiologists,  &c.,  who  are  able  to  give 
advice  regarding  the  improvement  of 
our  methods  of  using  light. 

No  one  individual  to-day — no  society 
even — can  claim  a  monopoly  of  know- 
ledge. But  a  suitably  constituted 
society  whose  members  include  authori- 
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ties  on  different  aspects  of  the  subject 
of  illumination  can  by  their  united 
efforts,  and  by  harmonious  working 
with  other  societies,  gather  information 
in  a  way  in  which  no  individual  can 
hope  to  do.  A  few  generations  ago, 
when  science  was  less  complex,  and 
when  methods  of  illumination  were 
few  and  primitive,  the  need  for  such 
a  Society  as  ours  was  not  felt  to  the 
same  extent.  But  to-day  when  new 
illuminants  are  springing  up  on  all 
sides  and  new  uses  for  illumination 
are  every  day  becoming  evident,  we 
can  only  keep  abreast  of  this  progress 
by  union,  mutual  help,  and  co-opera- 
tion. 

It  is,  therefore,  very  pleasant  to  us 
to  see  here  so  many  representatives 
of  different  aspects  of  illumination 
who,  in  their  respective  fields,  have 
done  so  much  to  develop  what  is  now 
termed  "  illuminating  engineering." 

Any  new  society  values  very  highly 
the  sympathy  of  those  of  older  stand- 
ing. It  has  been  very  gratifying  to 
us  to  feel  that  our  efforts  have  met 
with  cordial  encouragement  from  the 
Royal  Society  of  Arts,  which  is  one  of 
the  oldest  Societies  in  this  country, 
having  been  in  existence  for  over  150 
years.  Their  distinguished  secretary 
is  with  us  this  evening.  Any  one  who 
has  any  knowledge  of  the  organization 
of  a  large  society  of  this  kind  must 
realize  how  great  is  the  burden  of 
work  which  Sir  Henry  Trueman  Wood 
has  borne  in  extending  the  influence 
of  the  Royal  Society  of  Arts  during 
his  long  period  of  office.  I  have 
always  felt  that  the  wide  and  impartial 
views  of  this  Society  are  akin  to  those 
which  we  desire  to  promote.  In  the 
fifteen  years  during  which  I  have  been 
a  member  of  that  Society  I  have 
listened  to  many  such  discussions, 
and  have  always  been  impressed 
by  the  impartial  platform  pre- 
sented. As  regards  illumination,  too, 
reference  to  the  early  records  of 
the  society  shows  that  this  impartial 
attitude  has  always  been  preserved. 
The  Royal  Society  of  Arts  has  en- 
couraged lectures  on  all  illuminants, 
and  only  last  year  they  established  an 
important  precedent  by  devoting  the 
Cantor  Lectures    to    the  subject  of 


illumination.  Sir  Henry  himself  has 
taken  a  keen  interest  in  all  matters 
connected  with  light  and  photography. 
Our  Society  owes  him  one  special  debt — 
he  was  among  the  first  to  suggest  for 
our  first  President  Professor  Silvanus 
Thompson* 

We  are  also  delighted  to  see  present 
this  evening  representatives  of  the 
Institutions  of  Gas  and  Electrical 
Engineers.  Mr.  J.  W.  Helps  is  a 
name  which  is  a  household  word  in  the 
gas  industry,  and  I  have  read  with  keen 
appreciation  several  addresses  of  his 
in  which  he  gave  valuable  and  en- 
couraging advice  to  the  rank  and  file 
of  his  profession.  Recently  Mr.  Helps 
has  participated  in  a  piece  of  work 
which  enlists,  to  a  special  degree,  the 
sympathy  and  support  of  the  Illumin- 
ating Engineering  Society,  namely,  the 
establishment  of  an  international  unit 
of  light.  I  feel  confident  that  the 
general  favour  which  has  been  given 
to  this  suggestion  was  in  no  small 
measure  due  to  the  co-operation  of 
representatives  of  the  gas  industry  and 
the  Gas  Referees  in  the  work  of  the 
International  Electrotechnical  Com- 
mission ;  this  work,  it  is  pleasant 
to  note,  was  carried  out  with  the  co- 
operation of  our  own  President. 

I  do  believe  that  there  are  great 
possibilities  of  co-operation  between 
those  interested  in  gas  and  electric 
lighting.  Many  of  our  municipalities 
now  manufacture  both  gas  and  elec- 
tricity, and  a  review  of  recent  improve- 
ments in  connexion  with  gaslighting 
suggests  that  gas  engineers  are  coming 
to  realize  that  a  knowledge  of  elec- 
tricity is  a  valuable  weapon  in  their 
own  interests.  It  is  very  satisfactory 
for  us  also  to  see  here  Mr.  Mordey, 
who  was  last  year  President  of  the 
Institution  of  Electrical  Engineers. 
He  has  more  than  once  given  us  proof 
of  his  sympathy  with  the  movement. 
The  advent  of  the  metallic  filament 
lamp  has  profoundly  modified  electric 
lighting,  and  done  much  to  draw  the 
attention  of  electrical  engineers  to  the 
need  for  better  methods  of  illumination. 
This  interest,  I  feel  convinced,  will 
prevail,  and  become  even  more  general 
as  time  goes  on. 
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Turning  next  to  the  physiological 
side  of  illumination,  I  feel  sure  that  the 
Society  will  extend  a  very  cordial 
welcome  to  Professor  A.  D.  Waller, 
whose  fascinating  work  on  the  retina  of 
the  eye  has  a  very  intimate  bearing  on 
problems  of  illumination,  and  inci- 
dentally on  electrical  phenomena  as 
well.  We  have  recently  had  an  excel- 
lent illustration  of  the  importance  of 
knowing  what  happens  inside  the  eye, 
during  our  discussion  on  "  glare."  In 
order  to  trace  out  the  effect  of  a  bright 
luminous  image  on  the  retina  and  to 
ascertain  the  effects  of  light  of  different 
qualities,  we  must  follow  out  the  subject 
physiologically. 

Now  this  is  the  kind  of  work  which 
illuminating  engineers  must  look  to  the 
physiologist  to  perform.  But  it  is  not 
always  easy,  without  co-operation  from 
both  sides,  to  establish  the  connexion 
between  the  physiological  effect  and 
the  physical  cause.  I  can  recall  some 
experiments  of  Prof.  Waller  on  fatigue 
effects  and  the  connexion  between  the 
stimulus  and  the  sensation  of  light 
which  would  seem  to  have  a  very  direct 
bearing  on  the  problems  which  we  have 
recently  been  discussing.  This  is  only 
one  instance  of  the  innumerable  lines 
of  research  in  which  the  physologist 
could  help  us,  and  I  hope  that 
many  authorities,  such  as  Prof.  Waller, 
will  do  so.  Let  us  persevere  in  inducing 
people  to  take  an  interest  in  these 
matters,  and  they  will  ultimately  fall  in 
with  the  suggestion. 

Now  I  have  just  been  speaking  of  the 
complex  field  for  study  in  the  observa- 
tion of  what  goes  on  inside  the  eye. 
But  there  are  other  fields  in  which  the 
hygienic  rather  than  the  physiological 
aspects  of  illumination  have  to  be 
considered.  During  the  last  few  years 
wonderful  progress  has  been  made 
in  the  subject  of  sanitation.  We  have 
seen  our  death-rate  gradually  falling, 
and  we  have  seen  the  introduction  of 
legislation  insisting  upon  the  value  of 
fresh  air  and  ventilation  in  factories 
and  workshops. 

And  apart  from  the  effect  of  illumina- 
tion on  the  health  of  employees,  it  is 
probable  that  many  serious  accidents 
can  be  traced  to  bad  lighting.  I 
notice  that  the  Fidelity  and  Casualty 


Co.  of  New  York  have  recently  issued 
a  pamphlet  on  the  '  Prevention  of  In- 
dustrial Accidents  '  of  an  extremely 
exhaustive  character,  and  among  the 
general  causes  of  accidents  defective 
illumination  is  placed  first. 

But  it  is  becoming  also  realized  that 
if  we  consider  the  general  health  of  our 
population  in  the  above  respects  we 
should  especially  consider  their  eyes. 
We  find  new  measures  being  intro- 
duced dealing  with  the  eyesight  of 
school  children.  Is  it  not  therefore 
natural  that  while  doing  this  we  should 
study  not  only  defects  of  eyesight, 
but  the  conditions  of  illumination 
responsible  for  them  ?  This  is  a  field 
in  which  we  strongly  desire  te  see 
the  co-operation  of  the  lighting  engineer 
and  the  sanitary  and  medical  authori- 
ties, and  I  think  that  a  gratifying  pre- 
cedent has  been  set  by  the  presence 
as  our  guest  of  a  representative  of  the 
important  Royal  Sanitary  Institute, 
Col.  Lane  Notter,  \^ho  very  kindly 
came  specially  and  at  very  short  notice, 
in  the  unavoidable  absence  of  the 
Chairman  of  the  Institute,  Mr.  H.  D. 
Searles  Wood. 

And  now,  last  but  not  least,  let  me 
say  a  word  or  two  on  an  entirely 
different  aspect  of  lighting.  I  mean  the 
aesthetic,  and  what  may  be  called  the 
"  architectural  "  standpoint.  It  is 
obviously  necessary  in  buildings  of 
historic  importance  and  artistic  pre- 
tensions to  consider  the  illumination 
very  carefully.  If  we  attempt  to  light 
such  buildings  artificially  at  all,  surely 
the  architect  must  desire  that  this 
method  of  illumination  should  be  very 
carefully  selected.  If  we  have  beauti- 
ful objects  to  see,  surely  we  should  be 
careful  how  to  arrange  the  light  by 
which  they  are  illuminated  !  In 
many  such  cases  we  have  a  very  com- 
plex problem  to  solve.  We  may  have 
to  provide  sufficient  illumination  from 
the  utilitarian  standpoint,  and  we  have 
also  to  be  sure  that  the  new  illuminant 
is  in  harmony  with  the  old  surroundings. 
In  such  cases  the  architect  responsible 
should  have  a  very  keen  interest  in 
illumination,  and  we,  as  a  society, 
are  very  anxious  to  number  among  our 
members  architects  who  have  made  a 
study   of   such   subjects.^ And  then 


198 


THE  ILLUMINATING  ENGINEER 


there  are  also  numberless  public  build- 
ings in  which  co-operation  between 
the  architect  and  the  engineer  might  be 
very  beneficial  to  the  system  of  lighting 
adopted.  It  may  be  that  architects 
have  not  always  realized  that  the  system 
of  illumination  comes  so  much  within 
their  province,  and  do  not  seem  to  have 
hitherto  made  the  subject  of  illumina- 
tion part  of  the  regular  curriculum. 
But,  now  that  the  movement  for  better 
illumination  is  spreading,  I  feel  sure 
that  they  will  come  to  do  so ,  and  I  look 
forward  to  a  time  when  the  matter  will 
form  the  subject  of  frequent  discussion 
between  our  own  and  the  architectural 
societies,  and  in  this  connexion  I 
should  like  to  add  to  the  list  of  names 
coupled  with  this  toast  that  of  Mr. 
Stanley  Hamp,  A. R.I. B. A.,  one  of  the 
members  of  the  Council  of  the  Illuminat- 
ing Engineering  Society. 

Perhaps  I  have  said  enough  to  suggest 
the  many  threads  of  common  interest 
which  bind  the  various  existing  societies 
to  our  own,  and  I  ask  you  to  drink  with 
enthusiasm  to  their  better  mutual 
understanding  and  co-operation. 

Response. 

Sir  Henry  Trueman  Wood:  Ladies 
and  Gentlemen," — I  ask  you  to  accept 
my  very  sincere  thanks  without  bother- 
ing you  with  any  further  speech. 

Mr.  J.  W.  Helps  (President  of  the 
Institution  of  Gas  Engineers)  :  Mr. 
Chairman,  ladies  and  gentlemen, — 
Mr.  G aster  has  given  you  what  may 
be  called  the  key-notes  of  this  Associa- 
tion :  firstly,  co-operation  ;  secondly, 
impartiality.  Now  I  am  a  great 
believer  in  the  value  of  co-operaticn, 
and  I  have  during  the  past  few  years 
had  a  special  reason  for  my  belief  in 
that  principle.  I  have  had  something 
to  do  with  the  question  of  the  photo- 
metric unit,  and  in  connection  with  the 
international  commission  which  was 
held  in  Ziirich  and  Paris,  I  had  the 
pleasure  of  meeting  and  working  with 
representatives  of  the  electrical  engi- 
neering profession  in  such  a  way 
that  I  can  safely  look  back  upon  the 
hours  I  spent  in  their  company  as 
some  of  the  happiest  and  most  useful  in 
my  life.  I  have  also  had  the  pleasure 
of  meeting  gentlemen  connected  with 


the  electrical  profession  during  the  dis- 
cussions on  the  unit  of  light  in  England, 
and  I  can  say  the  same  thing. 

Then  Avith  regard  to  impartiality  ; 
I  believe  so  long  as  the  Society  keeps 
that  in  the  forefront  its  success  is 
assured.    So  long  as  the  question  of 
competition  can  be  kept  away  from  the 
platform,   then  success  must  attend 
our  efforts.    It  is  all  very  well  to  believe 
in  competition  ;  I  am  a  great  believer 
in  it.    Had  it  not  been  for  competition 
this  subject  would  not  occupy  the 
position  it  does  to-day.    The  competi- 
tion which  we  should  all  encourage 
in   this    Society   is   the  competition 
amongst  ourselves  as  to  how  we  shall 
deal  with  the  subject  of  illuminating 
with  which  we  are  connected  and  find 
out  the  difficulties  and  do  our  utmost  to 
bring  those  illuminants  into  such  a  con- 
dition that  they  will  meet  the  circum- 
stances for  which  they  were  intended 
and  do  good  to  the  community  at  large. 
So  long  as  we  do  our  best  to  find  out 
the  why  and  the  wherefore  of  the  con- 
ditions we  have  to  discuss,  so  long  shall 
we  be  doing  our  duty  not  only  to  our- 
selves but  also  to  the  world  at  large . 
I  do  most  heartily  thank  you  for  your 
kind  invitation,  and  on  behalf  of  the 
Institution  of  Gas  Engineers  I  recognise 
the  good  work  that  this  Society  is  doing 
and  will  do,  and  wish  it  every  success. 
(Applause.) 

Mr.  W.  Mordey  (Past  President  of 
the  Institution  of  Electrical  Engineers)  : 
Mr.  ChairmEtn,  ladies  and  gentlemen,-— 
I  represent  an  Institution  of  six 
thousand  members,  many  of  whom  have 
spent  a  great  deal  of  time  in  studying 
the  subject  that  specially  interests  this 
Society.  I  fear  that  we,  the  Institution 
of  Electrical  Engineers,  are  rather 
a  retrograde  body.  At  one  time  we 
thought  electric  light  was  the  great 
thing  for  us  to  study,  but  now  lighting 
interests  us  comparatively  little  and  the 
questions  which  interest  us  are  mostly 
connected  with  such  things  as  energy, 
and  you  have  come  to  tlie  rescue  by 
founding  a  Society  which  is  going  to 
deal  with  this  great  question  of 
illuminating  engineering. 

Something  has  been  said  about  co- 
operation. I  am  quite  sure  tliat  we, 
the  electrical  engineers,  shall  always  be 
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very  happy  to  co-operate  in  any  way 
we  can  with  this  Society,  and  I  think  we 
have  a  very  good  reason  for  so  doing, 
because  ever  since  we  were  formed,  37  or 
38  years  ago,  we  have  been  helped  very 
materially  principally  by  one  great 
Society,  the  Institution  of  Civil 
Engineers.  Had  it  not  been  for  the 
hospitality  of  that  great  Institution, 
and  also  the  hospitality  of  the  Royal 
Society  of  Arts,  the  probability  is  we 
should  not  now  be  in  the  position  we 
are — the  owners  of  a  very  fine  house 
indeed. 

And  noAv  that  we  have  a  roof  over 
our  heads,  I  am  sure  we  shall  imitate 
the  example  set  us  by  the  older  societies, 
and  shall  be  very  glad  to  do  what  we 
can  to  help  support  and  shelter  other 
societies  that  are  springing  up  as  special 
branches  of  knowledge  develop.  The 
Illuminating  Engineering  Society  has  a 
special  field,  and  it  is  difficult  to  see 
how  the  work  it  has  to  do  could  very 
well  be  done  by  any  other  Society. 
The  Institution  of  Electrical  Engineers 
could  hardly  take  it  under  its  wing 
because  the  study  of  illumination 
must  be  carried  on  by  people  who  are 
not  only  electrical  engineers,  but  by  our 
friends  the  gas  engineers,  and  by  those 
who  are  not  connected  with  electrical 
work  or  any  other  branch  of  engineer- 
ing. I  was  very  glad  to  hear  what  Mr. 
Helps  said  about  competition.  We 
all  owe  a  great  deal  to  competition 
in  science  and  in  business.  This  Society 
seems  to  have  taken  up  what  I  cannot 
help  thinking  is  perhaps  the  most 
important  practical  problem  in  physics 
and  in  engineering.  With  the  very 
best  appliances  that  can  be  used  I 
think  I  am  right  in  saying  that  there  is 
no  electrical  supply  system  in  this 
country  or  in  any  other  that  delivers 
to  its  customers  five  per  cent,  of  the 
heat  energy  of  the  coal  that  goes  into 
its  coal  bunkers.  We  have  a  great 
problem  before  us  to  improve  on  that 
very  poor  result. 

But  when  we  ask  how  the  problem 
presents  itself  to  illuminating  engineers 
we  find  a  still  further  loss.  I  am  sure 
I  am  not  under-stating  the  fact  when  I 
say  that  there  is  no  system  of  engineer- 
ing for  supplying  the  needs  of  the  public 
that  delivers  as  light  J  per  cent,  of  the 


energy  with  which  it  starts  to  work. 
That  surely  is  a  great  problem  and 
one  which  this  Society  will  help  to  solve. 
May  I  remind  you  of  some  words 
Lodge  wrote  twenty-nine  years  ago 
when  he  said  :  "A  little  boy  turning 
a  handle,  if  his  energies  Mere  suitably 
directed  could  provide  all  the  light 
for  a  City  like  London."  May  I 
remind  you  of  another  thing.  Your 
President,  Professor  Silvanus  Thomp- 
son, in  a  little  book  called  '  The  Manu- 
facture of  Light,'  reminds  us  of  the 
work  of  Langley  on  the  efficiency  of 
the  glow-worm  and  creatures  of  that 
sort,  and  he  says  that  the  glow-worm 
as  a  giver  of  light  from  energy  is 
400  times  more  efficient  than  any  light 
we  know  of.  Langley  has  tcld  us  many 
things  about  the  glow-worm,  and  there 
is  one  thing  I  should  like  to  mention, 
seeing  that  you  have  in  your  Society 
members  of  both  sexes  :  the  glow-worm 
is  the  lady  who  stops  at  home  and 
looks  about ;  it  is  the  gentleman  who 
has  wings  and  can  soar.  (Laughter  and 
Applause.) 

Prof.  A.  D.  Waller  (Treasurer 
of  the  Physiological  Society)  :  Mr. 
Chairman,  ladies  and  gentlemen, — 
I  also  came  here  absolutely  ignorant 
of  the  fact  that  I  should  be  called  upcn 
to  address  you.  I  feel  rather  an  injured 
innocent  from  the  fact  that  the  woids 
have  been  taken  out  of  my  mouth  ty 
Mr.  Mordey,  inasmuch  as  one  thirg 
that  occurred  to  me  to  say  was  that 
from  the  energy  point  of  view  according 
to  Langley  the  eliiciency  of  the  glow- 
worm and  the  fire-fly  amounts  to 
something  like  98  per  cent,  of  the 
energy  they  are  able  to  supply. 

Nevertheless  I  must  trust  to  luck  as 
regards  being  able  to  produce  some 
other  idea  that  may  be  worthy  of  the 
acceptance  of  this  Society  which  shares 
with  the  Society  I  have  the  honour  to 
represent  the  advantage  of  not  yet 
possessing  a  home,  for  I  take  it  there  is 
no  greater  advantage  than  is  enjoyed 
by  a  Society  when  it  is  in  the  stage  of 
the  oyster  that  has  not  yet  opened  itself 
to  tiie  blandishments  of  commerce. 
We  have  no  organ  of  publicity,  we 
have  no  home,  and  yet  we  believe  we 
are  a  micst  healthy  and  thriving 
Society.    We  believe  we  are  that  by 
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virtue  of  the  fact  that  we  are  doing  what 
seems  at  first  sight  somewhat  incon- 
gruous to  a  Society  like  the  Illuminating 
Engineers,  that  is,  we  have  successfully 
hidden  our  light  under  a  bushel. 

Another  advantage  is  that  we  are  an 
extremely  greedy  lot  of  people.  We 
are  exceedingly  anxious  to  be  illumi- 
nated ;  we  like  to  be  illuminated  by 
the  chemist,  by  the  physicist,  and  we 
hope  to  be  illuminated  by  the  illumina- 
ting engineer.  We  believe  that  in  the 
measurement  of  light  we  have  a  good 
deal  to  be  taught.  We  know  a  little 
about  light  ;  we  know  if  you  take  a 
light  that  is  a  certain  distance  from 
the  eye  and  if  you  double  the  distance 
you  will  divide  by  four  the  energy  with 
which  that  light  strikes  the  eye.  We 
believe  that  knowledge  has  commercial 
applications,  and  in  its  proper  place  we 
insist  upon  those  commercial  applica- 
tions being  put  into  practice.  I  should 
like,  sir,  to  imitate  your  most  excellent 
example  by  not  making  a  lengthy 
speech  and  return  my  most  hearty 
thanks  for  the  kindness  with  which  you 
have  drunk  our  health.  (Applause.) 

CoL  Lane  Notter:  Mr.  Chairman, 
ladies  and  gentlemen, — I  have  to  plead 
some  extenuating  circumstances  because 
on  very  short  notice  I  was  asked  to  take 
Mr.  Wood's  place  this  evening  and  to 
express  his  regrets  at  not  being  able  to 
be  present.  I  am  afraid  it  has  placed 
rather  a  difficult  task  upon  me,  as  I 
shall  speak  from  the  health  point  of 
view.  There  is  perhaps  no  subject 
at  present  which  invites  attention  more 
from  this  standpoint  than  that  of 
illumination,  nor  one  which  up  to  the 
present  has  been  more  or  less  neglected, 
particularly  in  our  public  schools. 
On  behalf  of  the  Royal  Sanitary  Insti- 
tute we  shall  be  most  willing  to  co- 
operate with  you  in  every  way  in  our 
power  for  the  elucidation  of  those 
subjects  which  have  been  so  admirably 
placed  before  you  this  evening  and  to 
arrive  at  some  conclusion  which  will 
give  relief  to  the  present  system  of 
lighting,  particularly  in  large  public 
buildings.  I  can  only  say  from  per- 
sonal knowledge  that  the  architects 
who  are  connected  with  tliat  Institute 
are  keenly  alive  to  what  is  necessary 
on  this  subject,  and  I  am  sure  they  will 


co-operate  with  your  Society  in  every 
way  they  can  in  the  hope  that  the 
results  will  be  useful  to  the  general 
public.  I  thank  you  for  connecting 
the  Royal  Sanitary  Institute  with  the 
toast.  (Applause.) 

Mr.  S.  Hamp :  Mr.  Chairman,  ladies 
and  gentlemen, — I  feel  it  a  great 
honour  to  be  called  upon  this  evening 
to  respond  on  behalf  of  the  architec- 
tural profession.  Although  I  am  only  a 
feeble  representative  of  that  body,  yet 
I  feel,  after  the  words  of  your  worthy 
Secretary  that  I  should  make  an 
effort  to  disabuse  his  mind  upon  the 
point  which  he  raised.  I  am  sure  that 
this  Society  will  appeal  more  strongly 
to  architects  than  perhaps  to  any  other 
profession  for  it  is  the  architect  to 
whom  the  illumination  of  a  building  is  of 
great  importance.  I  am  sure  that  if 
Mr.  Gaster  will  employ  his  energies 
in  bringing  the  object  of  this  Society 
before  the  members  of  the  architectural 
profession  he  will  have  a  very  large 
number  of  them  join  the  Society,  who 
will  take  advantage  of  the  oppor- 
tunities it  will  afford  them.  Up  to  the 
present  we  as  architects  have  not  per- 
haps given  that  attention  to  illumina- 
tion which  we  might  have  done,  and 
often  I  am  afraid  the  admirable  design 
of  a  room  has  been  spoilt  by  the  poor 
attempt  at  illumination.  We  have  not 
studied  the  subject  as  we  should,  and  I 
feel  confident  that  this  Society  is  going 
to  put  within  our  reach  the  means  of 
doing  so.  We  have  as  our  President 
a  very  distinguished  gentleman,  and 
his  very  name  spells  success  to  the 
Society  ;  in  our  Hon.  Secretary  we 
have  a  very  enthusiastic  hard  worker, 
and  given  those  two,  I  am  sure  success 
is  before  us. 

Perhaps  I  may  be  allowed  to  suggest 
that  the  Society  might  find  occasion  to 
deal  with  the  respective  illuminants  as 
applied  to  a  country  house  which,  after 
all,  is  important  to  architects.  If  you 
can  explain  to  us  the  advantages  or 
disadvantages  of  the  numerous  illumi- 
nants which  we  have  to  consider,  we 
shall  be  very  greatly  helped  in  our 
work.  I  can  only  say  I  feel  it  a  great 
honour  to  be  coupled  with  the  toast, 
and  I  thank  you  all  very  heartily  for 
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the  way  in  which  you  have  received 
me.  (Applause.) 

Toast:  "Our  Guests." 

Col.  W.  F.  Leese:  Mr.  Chairman, 
ladies  and  gentlemen, — It  is  my 
pleasant  duty  to  propose  the  toast  of 
the  guests.  We  are  very  pleased  to  see 
them  here  this  evening.  This  is  our 
first  dinner,  and  we  hope  next  year  we 
shall  have  more  guests  and  there  will 
be  more  of  us  to  entertain  them.  We 
believe  their  presence  is  a  tribute  to  the 
purity  of  our  aim  and  the  catholicity 
of  our  sympathy.  We  believe  as  time 
goes  by  we  shall  be  able  to  show 
them  that  this  Society  means  to  do 
good  work,  not  for  itself,  not  for  any 
phase  of  the  lighting  industry,  but  on 
behalf  of  all.  We  have  associated  with 
us  as  our  guests  representatives  of  the 
great  professions  w^hich  look  upon  all 
the  others  with  sympathy — I  refer  to 
the  Sanitary  Authorities  and  the 
medical  profession.  I  ask  you  to 
drink  to  the  health  of  our  guests 
coupled  with  the  names  of  Dr.  Legge, 
Mr.  W.  Finlay,  and  Mr.  Butterfield. 
(Applause.) 

Responses. 

Dr.  T.  M.  Legge  (H.M.  Medical 
Inspector  of  Factories) :  Mr.  Chairman, 
ladies  and  gentlemen,— I  thank  Col. 
Leese  very  much  for  coupling  my  name 
with  this  toast.  I  belong  to  a  Govern- 
ment Department  which  no  doubt  will 
be  one  of  the  very  first  to  feel  the  gentle 
pressure  of  your  Society.  We  shall 
have  to  awake  from  our  slumbers  and 
turn  up  the  lights.  Wlien  I  go  into  a 
factory  I  always  try  and  go  with  as 
detached  a  mind  as  possible,  so  as  to 
lose  nothing.  What  adds  greatly  to  the 
enjoyment  of  my  work  is  the  wonder- 
ful involuntary  illuminating  effects  that 
one  finds — the  white  glow  from  the  brass 
work  of  the  workshop  of  the  brass 
workers,  the  glass  house,  or  the  iron 
rolling  mill. 

But,  leaving  the  sentimental  and 
coming  to  what  is  practical,  there  is  no 
doubt  that,  owing  to  increasing  rents, 
one  class  of  workshop  is  on  the  increase, 
namely,  underground  basement  rooms, 
and  we  want  a  standard  of  light  for 


them.  There  is  a  word  of  warning  I 
want  to  offer,  and  that  is,  you  ought 
not  to  try  and  enter  into  competition 
with  the  sun.  If  the  sun  can  possibly 
get  in  from  without,  you  must  not  try 
and  overcome  that  by  illumination  from 
within.  There  is  one  kindred  Society 
with  which  I  think  your  work  dove- 
tails more  closely  than  with  any  other, 
and  I  hope  you  will  be  able  to  give  it 
a  leg-up,  that  is  the  despised  Smoke 
Abatement  Society.  I  feel  there  is  an 
enormous  amount  of  truth  in  the  saying 
that  where  the  sun  does  not  get  the 
physician  will.  I  thank  you  ver^'  much. 
I  am  sure  you  will  find  the  Home  Office 
very  sympathetic  with  your  efforts. 
(Applause.) 

Mr.  W.  Finlay  (President  of  the 
Electrical  Contractor's  Association)  : 
Mr.  Chairman,  ladies  and  gentlemen,  I 
have  to  thank  you  for  the  cordial 
reception  you  have  given  me  as  a 
representative  of  the  Electrical  Contrac- 
tor's Association.  I  shall  have  very 
much  pleasure  at  their  next  meeting  in 
reporting  to  them  the  cordial  reception 
I  have  received  from  you  and  the  good 
work  you  have  undertaken  to  do, 
because  it  is  quite  evident  that  there  is 
much  need  for  improvement  with  regard 
to  many  forms  of  lighting.  Within 
the  last  few  years  we  have  made 
enormous  strides.  We  have  seen  in  the 
introduction  of  electricity  different 
forms  of  lighting  which  have  certainly 
been  vast  improvements  over  what 
preceded  them. 

We  must  remember  we  have  more 
enemies  to  fight  together  than  we  have 
to  fight  amongst  ourselves,  and  there- 
fore I  welcome  this  Society  because 
it  is  a  link  between  Electrical  Contrac- 
tors and  gas  engineers.  Let  us  go 
hand  in  hand  in  the  advance  of  science 
and  of  efficient  lighting  and  so  give 
our  customers  satisfaction  whatever 
form  of  illuminant  they  propose  to 
adopt.  True,  there  is  much  to  be  said 
for  both  parties.  I  understand  one  of 
the  aims  of  this  Society  is  to  lay  before 
the  general  public  the  actual  facts  of 
the  case  so  that  the  many  mis-state- 
ments which  are  probably  made  on  both 
sides  will  be  corrected  and  true  state- 
ments laid  before  the  public  as  to  the 
value  and  efficiency  of  each  form  of 
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lighting.  I  thank  you  for  the  very 
cordial  way  in  which  you  responded  to 
the  toast.  (Applause.) 

Mr.  W.  J.  A.  Butterfield  (Secretary 
to  the  Metropolitan  Gas  Referees)  :  It 
has  given  me  very  much  pleasure  to  be 
your  guest  this  evening.  My  interests 
in  connection  with  methods  of  illumina- 
tion have  been  varied.  The  success  of 
this  Society  is,  I  think,  assured,  for 
several  reasons.  In  the  first  place,  you 
have  been  singularly  fortunate  in  the 
choice  of  your  first  President,  fortunate 
also  in  the  choice  of  your  Chairman 
this  evening,  and  especially  fortunate 
in  your  energetic  Secretary  whose  en- 
thusiasm will,  I  am  convinced,  establish 
the  Society  on  a  sound  and  permanent 
basis.  I  have  always  considered  that 
artificial  illumination  can  seldom  be 
too  good  provided  it  is  uniform  and 
provided  the  effect  of  glare  is  avoided. 
I  think  a  high  degree  of  illumination 
is  never  harmful.  When  we  hear 
people  complain  that  illumination  is 
too  brilliant  for  them  I  always  think 
it  is  time  they  should  consider  the 
•propriety  of  retiring  to  bed.  Gentle- 
men, I  thank  you  very  much. 

Toast:  "The  Chairman." 

Mr.  F.  W.  Goodenough  (Chief 
Inspector  of  the  Gaslight  and  Coke 
Co.)  :  Before  breaking  up  I  feel  sure 
that  we  should  like  all  to  express  our 
gratitude  to  our  Chairman,  Sir  Henry 
Trueman  Wood,  for  so  kindly  con- 
senting to  preside  at  such  short  notice. 
I  feel  sure  that  the  success  of  this  dinner, 
which  we  have  all  so  much  enjoyed,  is  in 
no  small  measure  due  to  his  efforts,  and 
it  is  my  duty  to  ask  you  to  drink  his 
health  and  to  express  a  very  cordial 
vote  of  thanks  for  his  services  in  taking 
the  chair  this  evening. 


Toast:  "The  Hon.  Secretary  of  the 
Illuminating  Engineering  Society." 

The  Chairman :  Gentlemen,  I  thank 
you  most  heartily  for  your  kind  re- 
marks. There  is  one  toast  I  should  like 
to  add  to  the  list,  and  I  am  sure  it  will 
be  cordially  welcomed  by  all  of  you, 
namely  the  health  of  our  Hon.  Secretary. 
It  is  due  to  his  energy  and  hard  work 
that  the  Society  has  been  started  on  its 
prosperous  career.  I  have  known 
Mr.  Gaster  for  many  years,  and  I  think 
the  Society  is  to  be  congratulated  on 
having  anybody  who  is  willing  to 
devote  such  a  deal  of  time  and  thought 
to  its  affairs  as  he  does,  and  so  long  as 
he  is  willing  to  give  his  time  to  the 
work  the  Society  will  be  a  prosperous 
one.  I  am  sure  you  will  all  stand  up 
and  drink  Mr.  Caster's  health  and 
congratulate  him  heartily  on  the  result 
of  a  very  arduous  undertaking. 
(Applause.) 

Mr.  L.  Gaster  (Hon.  Secretary  of 
the  Illuminating  Engineering  Society)  : 
Mr.  Chairman  and  gentlemen, — I  shall 
not  detain  you  more  than  one  minute. 
I  can  assure  you  that  this  is  one  of  the 
happiest  days  in  my  life.  I  need 
hardly  say  that  all  the  work  I  have  done 
has  been  to  me  a  labour  of  love,  and  I 
feel  I  owe  a  deep  debt  of  gratitude 
to  all  those  who  have  so  cordially 
supported  my  endeavours  and  co- 
operated with  me  to  bring  the  Society 
into  existence  and  launch  it  on  what 
I  hope  will  be  a  useful  and  prosperous 
career.  It  is  only  by  the  aid  of  such 
co-operation  as  you  have  seen  exem- 
plified to-night  that  we  may  hope  to  see 
the  Society  thoroughly  successful  and 
carrying  out  the  work  it  is  called  upon 
to  perform  in  an  efficient  manner. 
I  thank  you  all  from  the  bottom  of 
my  heart  for  the  kind  manner  in  which 
you  have  honoured  the  toast  coupled 
with  my  name. 
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Some  Difficulties  Encountered  in  the  Classification  of 
Illuminating  Petroleum. 

By  a.  Guiselin, 

Engineer  to  the  Compagnie  Industrielle  des  Petroles,  and  Secretary  of  the 
International  Petroleum  Commission,  Paris. 


In  May,  1908,*  I  had  the  honour  to 
contribute  to  this  journal  a  short 
article  pointing  out  that  the  com- 
bustion of  illuminating  petroleum  might 
be  favourably  influenced  by  the  height 
of  the  upper  level  of  oil  in  the  reservoir 
of  the  lamp.  I  was  able  to  demon- 
strate on  that  occasion  that  the  results, 
both  as  regards  intensity  of  light  and 
economy  in  its  production,  were  much 
more  satisfactory  if  the  reservoir  of 
the  lamp  was  completely  filled  at  the 
beginning  of  each  test.  In  conclusion, 
therefore,  I  pointed  out  that  the  con- 
sumer would  find  it  advantageous 
to  employ  a  reservoir  in  which  the 
upper  level  of  the  oil  could,  in  a  practi- 
cal manner,  be  continuously  main- 
tained at  a  short  distance  from  the 
burner  of  the  lamp. 

I  have  made  use  of  this  result  in 
my  subsequent  experimental  work  and 
since  that  time,  all  the  different  qualities 
of  petroleum  submitted  to  me  for 
examination  have  been  tested  on  a  new 
basis.  As  before  a  variety  of  burners 
in  general  use  among  French  consumers 
has  been  employed,  with  this  difference, 
however,  that  the  burners  w^ere  fitted 
on  to  a  reservoir  of  a  special  pre- 
determined shape  and  capacity,  and 
that  this  reservoir  was  completely  filled 
up  at  the  commencement  of  each 
experiment. 

Quite  recently  I  have  been  able, 
proceeding  on  the  above  lines,  to 
examine,  in  a  most  thorough  manner,  a 
variety  of  different  qualities  of  petro 
leum,  which  have  been  imported  direct 
into  France  for  supply  to  the  French 
public.  Myexporiments  were  carried  out 
on  these  varieties  both  in  their  original 
state  and  in  various  mixtures.    I  take 


this  opportunity  of  publishing  my 
experiences  in  this  connection,  believing 
that  they  enabled  me  to  draw  several 
conclusions,  w^hich  might  be  of  use  in  the 
debates  of  the  International  Petro- 
leum Commission,  whenever  this  ques- 
tion happens  to  be  brought  before  it. 

In  the  first  place  let  me  briefly  recapi- 
tulate the  methods  pursued  in  my 
recent  experiments,  as  well  as  those 
referred  to  in  my  former  article  : — 

(1)  All  petroleum  to  be  tested  is 
first  filtered  in  order  to  remove  all 
trace  of  humidity,  which  may  vary 
with  different  qualities. 

(2)  The  same  burners,  wicks,  and 
chimneys  which  served  for  the  first 
experiment,  are  used  during  the  whole 


Fig 


Reservoir  of  Lamp.    Half  size. 


*  Illuminating  Engineer.  London. 
1908,  p.  244. 


Vol.  L, 


series  of  tests,  care  being  taken  to  avoid 
any  possibility  of  interchanging. 

(3)  Burner  Kosmos,  Model  BE" 
has  been  ommitted  this  time,  as  it  is 
practically  identical  with  the  more 
strongly  constructed  "  Kosmos  W  W  " 
type,  and  the  tests  were  made  on  the 
three   Kosmos   burners   WW,  KB, 


Kosmos  "  Burners  (scale  of  66/100). 
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and  H  S — shown  in  Figs.  1,  2,  and  3 —  6.  The  Luchaire  petroleum  standard 

only.  was  selected  and  accurately  adjusted 

4.  At  the  commencement  of  each  to  give  a  light  of  1  carcel  by  means 

experiment  the  reservoir,  as  represented  of  a  standard  carcel  lamp  ;  in  this  way 

Table  I. 


Chief  Properties  of  the  Varieties  of  Petroleum  Examined. 


No. 

Quality. 

Locality  Produced. 

Density. 

Flash- 
point. 

Colour* 

1. 

Water  White 

Pensylvania,  U.S.A. 

0-787 

40^ 

h 

2. 

Standard  White 

0-797^ 

35^ 

3. 

Light  Petroleum 

North  America 

0-8025 

37^ 

3 

4. 

Ordinary  ,, 

0-8087 

38" 

4 

5. 

Illuminating  Oil,  de  luxe 

Galicia 

0-809 

38^ 

2-3 

6. 

,,  Ordinary 

i> 

0-816 

35^ 

>4 

7. 

,,  (Roumanian) 

Roumania 

0-806^ 

35^ 

8. 

,,           ,,  de  luxe 
Petrole  de  luxe 

Texas,  U.S.A. 

0-825'' 

41" 

2 

9. 

French  Production 

0-8016 

38" 

1 

10. 

„  Ordinaire 

>> 

0-814 

35" 

3 

*  The  colour  of  oil  is  specified  by  reference  to  distilled  water  and  aqueous  solutions  of 
potassium  bichromate  of  various  strengths. 

Tint  0  corresponds  with  distilled  water. 

1  ,,  ,,    an  aqueous  solution  of  5  m/mg  per  litre  of  pot  bichrom. 

2  10     ,,  ,, 

3  „  „  „  20  „ 

4  „  „  „  40 


by  Fig.  5,  was  completely  filled  up 
and  the  lamp  adjusted,  so  as  to  obtain 
the  maximum  intensity  from  a  steady, 
non-smoking  flame  ;  that  is  to  say, 
the  lamp  was  so  adjusted  that  the 
slightest  raising  of  the  wick  would 
suffice  to  cause  the  flame  to  smoke. 

5.  The  intensity  of  the  light  was 
measured  by  means  of  a  photometer 
of  the  grease  spot  type  at  the  end  of 
the  1st,  3rd,  6th,  9th,  and  10th  hours. 


it  was  possible  to  obtain  illumination  of 
identical  colour  on  each  side  of  the 
grease  spot. 

7.  Finally  the  consumption  of  petro- 
leum was  estimated  by  the  difference  in 
its  weight  at  the  commencement  and 
conclusion  of  each  experiment. 

The  various  qualities  of  petroleum 
tested  have  the  principal  characteristics 
shown  in  the  Table  I. 

As  may  be  observed,  most  of  these 


TABLE  II. 


Quality  of  Petroleum. 


1.  Water  white  ... 

2.  Standard  „   

3.  Light  Petroleum 

4.  Ordinary    ,,  ... 

5.  Illuminating  Petrole  "  de  luxe  " 

Ordinary 

7-  „  ,,  (Roumanian) 

°*  ^      M  „  de  luxe 

9.  Petrole  de  luxe 
10.  Petrole  Ordinaire 


Mean  Consumption. 

Per  Hour. 

Per  Carcel-Hour.  j 

Burner 

Burner 

Burner 

Burner 

Burner 

Burner  ! 

No.  1. 

No.  2. 

No.  3. 

No.  1. 

No.  2. 

No.  3.  1 

3-69 

391 

38-0 

35-9 

35-7 

35  30 

38-5 

39-1 

38-8 

37-93 

38-35 

37-91 

35-6 

38-1 

37-8 

371 

37  01 

3414 

33-5 

33-4 

35-3 

37  9 

37-75 

36  28 

35-3 

37  1 

39-3 

44-12 

45-80 

37-66 

28-8 

291 

36-0 

50-75 

50-91 

42-02 

35-5 

34-3 

37-3 

38  60 

40-00 

39-30 

34-4 

33  5 

36-7 

36-90 

36  9 

35  85 

38-7 

38-6 

39-4 

35-6 

37-20 

39-10 

38-4 

36-9 

37-6 

42-3 

42-14 

38-64 

Output  of  Light  during  10 
Consecutive  Hours  (Carcel- 
Hours. 


Burner 
No.  1. 


10-28 
1015 
9-44 
8-85 

8-  00 
5-67 

9-  20 
9-32 

10  87 
7-66 


Burner 
No.  2. 


10-94 
10-20 
10-30 
8-84 
810 
5-71 

8-  57 

9-  08 
10  38 


Burner 
No.  3. 


10-76 

10- 23 

11-  08 
9-73 

10-43 
8-57 
9  48 
10  24 
10-CO 
9  74 


N-B.— Particulars  of  the  qualties  of  each  of  the  types  of  petroleum  mentioned  above  will  be  found  in  Table  I. 
The  figures  supplied  by  the  author  regarding  the  intensity  at  the  end  of  the  1st,  3rd,  6th,  9th,  and  10th  hours 
nave  been  omitted  but  are  obtainable  from  6-9. 

Burner  No.  1  is  the  Kosmos  K.B.  12  in.  Burner  No.  2  is  the  Kosmos  W.W.  12  in. 

Burner  No.  3  is  the  Kosmos  H.S.  12  in. 
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qualities  of  petroleum  are  of  American 
origin,  while  the  other  varieties  from 
Galicia  and  Roumania  have  been  refined 
in  the  country  in  which  they  were  pro- 
duced, so  as  to  be  suitable  for  use  in 
the  customary  French  lamps  (Figs.  1, 
2,  and  3).  For  comparison  I  have 
selected  two  excellent  French  qualities 
of  petroleum  which  are  sold  in  the 
market  under  the  names  of  "  Petrole 
de  luxe  "  and  "  Petrole  ordinaire,"  and 
are  composed  of  a  mixture  of  Pensyl- 
vania  oil,  in  fairly  large  proportion  (35 
to  50  per  cent.),  with  Roumanian  oil 
(Busteman),  which  latter  cannot  in  its 
pure  state  be  burnt  in  the  lamps 
mentioned. 

The  results  I  have  obtained  from 
these   experiments   for   each   of  the 


to  plot  the  results  graphically,  ex- 
pressing the  hours  of  combustion  as 
abscissae  and  the  corresponding  inten- 
sities of  light  as  ordinates.  In  another 
final  diagram  are  shown  the  curves 
representing  the  mean-results  obtained 
on  the  three  burners  for  each  quality 
of  petroleum. 

One  conclusion  may  certainly  be 
drawn  from  these  diagrams,  namely, 
that  the  differences  of  illuminating 
power  of  different  qualities  of  petroleum 
are  much  more  marked  in  the  results 
shown  for  the  burners  W  W  and  K  B 
than  in  those  for  the  burner  H  S  ;  in 
addition,  the  curves  obtained  from  the 
tests  on  this  latter  type  of  burner  (H  S) 
demonstrate,  without  a  shadow  of  a 
doubt,   that   this   burner  is   the  best 


TABLE  IIL     Explanation  of  dotted  lines  in  Diagrams  6,  7,  8,  and  9. 


Water  White  

Standard  White   

Light  Petroleum   

Ordinary   

Illuminating  Oil,  de  luxe 

,,  Ordinary  ... 

„  (Roumanian) 
de  luxe 

Petrole  de  luxe  

Ordinaire   


Pensylvania,  U.S.A.  —  —  —  —  ——  —  —  —  —  — 

North  America      ...  ■  

Galicia     •  •  •  ■  — 

>»  •••   

Roumania    ^  \^   ^ 

Texas,  U.S.A.  ...   

French  Production ...         ■  ,     , 


burners  employed  are  shown  in  the 
following  table  : — 

From  this  last  table  it  will  be  seen 
that  it  is  hardly  possible  to  classify 
in  order  the  qualities  of  petroleum 
with  regard  to  the  two  essential  points, 
intensity  and  economy  of  consumption 
— not  even  when  considering  one  type 
of  Kosmos  burner  only. 

Nevertheless  it  is  noticeable  that  in 
most  cases  the  "  Luxe  "  qualities  give 
better  results,  while  the  ordinary 
qualities  come  last.  But  the  rule  is  not 
general,  inasmuch,  for  example,  that 
the  French  "  petrole  de  luxe  "  is  very 
satisfactory  when  used  on  Kosmos 
W  W  and  K  H  burners,  wliile  it  gives 
only  a  mediocn;  result  wlien  used  on 
Kosmos  type  H  S. 

I  have  therefore  thought  it  preferable 


adapted  for  interior  qualities  of  petro- 
leum, or,  to  be  more  precise,  for  the 
qualities  which  are  rich  in  the  "  closed 
chain,"  aromatic,  and  naphthalene 
derivatives,  such  as  Galician  and 
Roumanian  oils  and  the  mixed  petro- 
leums called  "  French  types." 

Generally  the  foregoing  tables  and 
diagrams  show  once  more  that  those 
burners,  which  are  mostly  used  in 
France,  are  most  suitable  for  the  use  of 
Pensylvanian  petroleum  and  that, 
wlien  this  is  of  a  high  grade,  the  three 
burners  will  produce  approximately  the 
same  results  with  the  same  American 
oil. 

Reverting  to  the  tables,  and  examin- 
ing the  results  for  two  fairly  good 
qualities  of  Pensylvanian  petroleum, 
we  find  : — 


CLASSIFICATION  OF  ILLUMINATING  PETROLEUM.  207 
Diagram  6.    Mean  of  the  3  Burners  W.  W.— K.B.— H.S.  12". 
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Pensylvanian  Water  White. 


Burner. 

Total  output  of 
light  for  10  conse- 
cutive hours. 

Mean  consumption 
per  carcel-hour. 

WW 

CH  10-87 

gr.  35-6 

KB 

„  10-90 

„  35-7 

HS 

„  10-76 

„  35-3 

which  represents  almost  equal  inten- 
sities with  approximately  identical  con- 
sumption per  carcel-hour  in  the  case 
of  three  burners. 


Pensylvanian  Standard  White. 


Burner. 

Total  output  of 
light  for  10  conse- 
cutive hours. 

Mean  consumption 
per  carcel-hour. 

WW 
KB 
HS 

CH  1015 
„  10-20 
„  10-23 

gr.  37-93 
„  38-35 
„  37-90 

which  shows  that,  while  standard 
white  comes  up  close  to  water  white,  as 
regards  illuminating  power,  the  con- 
sumption on  the  other  hand,  is  con- 
siderably greater  with  standard  white. 

Applying  the  comparison  in  a  similar 
way  to  qualities  of  Galician  oil,  this 
constancy  disappears  altogether,  as 
shown  by  the  following  examples  : — 


Galician  "  Petrole  de  luxe." 


Burner. 

Total  output  of  light 
for  10  consecutive 
hours. 

Mean  Consumption 
per  Carcel  Hour. 

WW 
KB 
HS 

CH  8-00 
810 
10-43 

gr  44-12 
„  45-80 
„  37-66 

Galician  Ordinary. 

WW 
KB 
HS 

CH  5-67 
„  5-71 
„  8-57 

gr  5Q-75 
„  50-91 
„  42-02 

And  the  variations  grow  still  more 
marked  when  we  examine,  for  instance  : 


Ordinary  Petroleum  (French  type). 


WW 

CH  7-66 

gr  42-30 

KB 

„  8-76 

42-14 

HS 

9-74 

„  38-64 

I  believe  this  time  to  have  clearly 
demonstrated  the  good  qualities  of 
Kosmos  burner,  model  H  S,  which  is 
undoubtedly  the  best  constructed  and 
best  adapted  type  with  which  to  use 
French  qualities  of  petroleum  (which 
are  rich  in  carbon  by  reason  of  the  pre- 
dominant proportion  of  Russian  and 
Roumanian  oil  contained). 

What,  now,  are  the  conclusions  to  be 
drawn  from  these  various  observations, 
with  regard  to  the  specification  and 
determination  of  the  illuminating 
qualities  of  illuminating  petroleum  ? 
In  my  opinion,  I  repeat,  this  will 
always  remain  a  very  difficult  subject 
on  which  to  make  definite  suggestions. 

In  any  case,  it  will  be  imperative 
to  establish  rigorous  conditions  under 
which  comparative  experiments  are 
to  be  conducted  and  to  select  or  define 
the  exact  type  of  lamp  to  be  used 
in  view  of  the  considerable  differences 
which  might  result  from  insignificant 
variations  in  detail  in  the  construction 
of  burners  otherwise  of  one  and  the 
same  type. 

According  to  my  view,  the  only 
definite  conclusion  which  can  be  drawn 
is  this,  that  it  should  never  be  said  : 
"  Petroleum  A  burns  well  and  petro- 
leum B  burns  badly,"  but  that  the 
merits  of  different  qualities  can  only 
be  adequately  compared  by  stating  the 
fall  particulars  and  circumstances  under 
which  such  results  were  obtained, 
somewhat  in  this  way  : — 

"  With  burner  X,  model  Y,  under 
such  and  such  circumstances,  with 
such  and  such  chimney,  wick,  &c., 
petroleum  A  burns  well  and  petroleum 
B  badly." 

I  cannot  terminate  this  treatise  with- 
out expressing  my  thanks  to  my  friend 
and  co-operator,  M.  Madoule,  for  the 
valuable  assistance  he  has  lent  me  in 
this  investigation. 
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TRADE  NOTES. 

[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


The  "Micro"  Incandescent  Burner. 


Messrs.  Thiem  &  To  we  (Halle,  Germany) 
are  bringing  out  a  form  of  burner,  having 
an  exceptionally  small  gas-consumption, 
which  is  termed  the  "  Micro -gasgliihlicht - 
brenner,'^  and  is  stated  to  possess 
the  reliability  and  solid  construction  of 
burners  of  the  ordinary  size.  The  entire 
burner  costs  1*95  marks.  It  yields  a 
light  of  16  H.K.  (horizontal)  for  a  con- 
sumption of  19  litres  (0'67  cubic  feet)  per 
hour.  It  is  therefore  anticipated  that 
tKe  burner  will  prove  serviceable  for  the 
illumination  of  landings,  small  rooms,  &c., 
where  anything  more  than  this  intensity 
would  be  extravagant. 


In  a  recent  note  in  the  Zeitschrift  fiir 
Beleuchtungswesen  the  results  of  ecme 
tests  of  Dr.  Lux  on  this  mantle  are  given, 
and  the  following  comparison  with  other 
types  of  burners  is  made  : — 

Flat  flame  burner  (16  H.K.)  consumes 
160  litres  per  hour. 

Round  flame  burner  (30  H  K.)  eonsum.es 
250  litres  per  hour. 

"  Normal  incandescent  burner 

(80  H.K.)  consumes  120  litres  per  hour. 

"Liliput"  incandescent  burner  (55H.K.) 
consumes  80  litres  per  hour. 

The  "  Micro -gasgluhlichf  (16  H  K.) 
consumes  19  litres  per  hour. 


Another  Interesting  Electrical 
Sign. 

One  interesting  type  of  sign  which  has 
recently  come  into  use  in  the  United 
States  is  shown  in  the  illustration.  It 
consists  of  a  projection  apparatus  by 
which  any  desired  motto  is  cast  upon  the 
pavement.  In  this  way  (always  suppos- 
ing that  a  pavement  of  reasonably  good 
reflecting  power  is  available)  a  luminous 
image  is  formed  at  the  foot  of  pedestrians 
and  is  said  to  be  very  effectual  in  attract- 
ing attention.  In  all  probability  it  has 
at  least  the  advantage  of  not  giving  rise 
to  any  great  degree  of  glare. 

Whether  the  sudden  appearance  at  the 
foot  of  the  x>edestrian,  of  an  invitation 
to  enter  the  shoy)  which  he  is  in  danger 
of  passing  by  will  have  the  desired  effect 
of  making  him  pause  and,  on  second 
thoughts,  avail  himself  of  the  invitation, 
requires  consideration.  It  is,  however, 
an  example  of  the  tendency  to  try  to 
arrange  the  advertising  area  beyond  the 
display  in  the  show-window  alone. 
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Concealed  Shop  Window  Lighting. 


Messrs.  Siemens  Bros.,  Ltd.  (Tyssen 
Street,  Dalston,  London),  send  us  particu- 
lars of  various  types  of  fixtures  for  con- 
cealed window-lighting  the  object  being 
invariably  to  concentrate  the  light  on  the 


Fig.  1. 


goods  and  at  the  same  time  to  screen  the 
eye  of  the  observer.  Fig.  1  shows  a  form 
of  such  a  rough  reflector  combined  with 
special  tubular  tantalum  lamps.  Figs. 
2  and  3  illustrate  curved  and  rectangular 
reflectors  for  showcases,   each  capable 


of  holding  two  16-  or  25-candle-power 
tantalum  lamps.  The  trough  type  can 
bo  used  either  as  a  floor-light  at  the  base 
of  the  window,  on  the  same  principle  as 
the  footlights  on  the  stage,  or  as  a  toplight. 


Fio.  3. 


in  which  case  it  is  fitted  above  the  window 
(preferably  out  of  sight  of  the  customer). 

Fig.  4  may  merely  rest  upon  the  top 
of  a  show-case  with  glass  above,  so  as  to 
throw  the  light  downwards  on  its 
contents. 


Fig.  4. 


From  the  Electrical  Co.,  (122,  Charing 
Cross  Road,  London,  W.C.),  we  have 
received  a  catalogue  dealing  with  sign  and 
decorative  lighting  by  means  of  flexible 
strips  studdied  with  glow  lamps  at  various 
intervals.  Such  strips  can  be  used  either 
in  the  shape  of  letters  or  to  form  outlines 
of  various  shapes.  It  has,  therefore,  been 
widely  used  for  exhibition  lighting,  &c. 


The  British  Westinghouse  Co.  send  us 
particulars  of  the  Arcturas  "  flame 
arclamps.  A  special  feature  is  the  -pvo- 
vision  of  an  automatic  arrangement 
which  switches  in  an  equivalent  resis- 
tance in  the  event  of  the  lamp  faiUng, 
and  thus  enables  several  of  these  lamps  to 
be  run  in  series. 


Annual  Dinner  of  the  General  Electric  Co. 


The  Annual  Dinner  of  the  General 
Electric  Co.  was  held  on  Saturday, 
^ebruary  19th.  The  toast  of  "  British 
Industries"  was  proposed  by  Mr.  -H. 
Hirst,  and  responded  to  by  Sir  John 
lavemer,  the   Agent-General   for  Vic- 


toria. A  number  of  other  representatives 
of  the  electrical  industry  spoke,  including 
Dr.  Railing,  Mr.  Morcom,  and  Mr.  W. 
Duddell.  The  dinner  passed  off  very 
successfully,  and  about  500  guests  and 
members  of  the  firm  were  present. 
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"Tantalum"  Lamps  for  Traction 
Work. 

The  cajDacity  of  "  Tantalum  "  Lamps  to 
withstand  vibration  has,  we  are  given  to 
understand,  been  recently  tested  by  the 
installation  of  a  number  of  these  lamps 
on  one  of  the  Undergroimd  Tube  Rail- 
ways of  London.  The  following  results 
have  been  supplied  as  a  sample  of  their 
performance  : — 

Six  lamps  which  burned  for  6084  hours, 
are  still  good,  and  a  fiu'ther  six  lamps 
which  have  given  out,  burned  for  an 
average  of  5,167  hours,  the  individual 


life  of  each  lamp  being  as  follows  : — 

No.  1  .. 

.  .     7,218  hours. 

No.  2 

.  .     6,600  hours. 

No.  3      .  . 

4,400  hours. 

No.  4  .. 

4,314  hours. 

No.  5 

4,440  hours. 

No.  6     .  . 

.  .     4,032  hours. 

It  is  stated  that  the  lamps  used  were 
run  at  2' 2  Watts  per  candle,  burning 
five  in  series,  on  a  600  -volt,  circuit.  As 
compared  with  carbon  filament  lamps, 
the  amount  of  light  is  better,  and  there 
is  at  the  same  time,  a  considerable  reduc- 
tion in  the  current  consumption. 

Any    further    information  regarding 
Tantalum "    lamps    will    be  supplied 
by  Messrs.     Siemens    Brothers  Dynamo 
Works,    Ltd.,    Tyssen   Street,  Dalston, 
London,  N.E. 


Aegma  Metallic  Filament  Lamps, 
Reduction  of  Price. 

We  are  informed  that,  owing  to  the 
increased  output  of  "Aegma"  metallic 
filament  lamps,  the  Electrical  Company 
(122-124,  Charing  Cross  Road,  W.C.)  are 
making  a  substantial  reduction  in  the 
list  prices. 

The  chief  reductions  are  as  follows : — 
16  CP.,  60  to  130  volt  lamps        from  2/9  to  2/6 
25,  32,  &  50  CP.,  60  to  130  volt  lamps  „   3/-  to  2/6 
50  CP.,  200  to  260  volt  lamps         „   4/-  to  3/6 


B.  T.  H.  "MAZDA"  Metal 
Filament  Lamps. 

We  are  informed  that  in  future  the 
B.  T.  H.  Tungsten  Lamp  will  be  known 
as  the  "  Mazda.  "  lamp,  and  will  bear  this 
word  as  a  trade  mark. 

The  new  name  will  be  used  on  th 
lamps,  packing  cases,  cartons,  &c.,  a 
rapidly  as  the  change  can  be  effected  and 
in  the  meantime  the  public  are  notified 
that  any  lamps  they  may  receive  marked 
"B.  T.  H.  Tungsten"  are  the  same  as 
the  Mazda  lamp. 


Some  New  Types 

In  the  recent  number  of  The  Illuminating 
Engineer  (January,  1910,  p.  55)  some 
examples  were  given  of  recent  types  of 
electric  fixtures.  The  illustrations  on 
the  opposite  page  show  some  corre- 
sponding modern  developments  in  fixtures 
for  gas  lighting,  particulars  of  which 
have  reached  us  from  The  Boston  Con- 
solidated Gas  Co.  (24,  West  Street, 
Boston,  U.S.A.). 

It  is  interesting  to  notice  that  in  these 
fixtures  the  source  of  light  is  completely 
screened  from  the  eye,  and  the  general 
arrangement  is  such  as  might  bo  used 
for  either  gas  or  electricity. 

Fig.  1  and  Fig.  2  are  of  the  hanging  type. 
The  f()rm(;r  is  an  artistic  dome  with  a 
single  inverted  burner,  intended  mainly 
for  library  or  dining  room  table  illumina- 


of  Gas  Fixtures. 

tion.  Fig.  2,  again,  utilizes  a  cluster  of 
inverted  burners  with  crystal  decorations 
screening  the  source.  Figs.  3  and  4  are 
massive  types  of  brackets  and  Fig.  3,  in 
particular,  with  its  curved  pipe  is  modelled 
on  lines  similar  to  many  electric  lighting 
types. 

One  feature  which  is  of  particular 
interest  in  this  case,  is  the  method  em- 
ployed of  completely  screening  the  bright 
source  from  the  eye,  and  aiming,  in  so 
doing,  at  an  artistic  effect. 

For  office-lighting,  where  it  is  essential 
to  concentrate  light  in  a  desired  direction, 
and  to  secure  efficient  and  economical 
results,  scientifically  designed  glassware 
of  the  Holophane  type  is  frequently  com- 
bined with  clusters  of  inverted  burners  in 
fixtures  of  a  somewhat  plainer  variety. 
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Fig.  3.  FiG.  4, 


MODERN    DECORATIVE   GAS  FIXTURES. 
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Review  of  the  Technical  Press. 


ILLUMINATION  AND  PHOTOMETRY. 

There  have  naturally  been  a  large 
number  of  references,  too  numerous  to 
mention,  to  the  Discussion  on  Glare 
at  the  last  meetings  of  the  Illuminating 
Engineering  Society  in  this  country. 
Among  journals  which  refer  to  the  matter 
we  may  note  the  Electrician,  Electrical 
Engineering,  Electrical  Times,  dhc,  The 
Journal  of  Gaslighting,  Gas  World,  Gas 
Engineer's  Magazine,  Acetylene,  Iron- 
monger's Chronicle,  <&:c. 

Among  editorial  notes  of  interest  we 
may  note  that  in  a  recent  number  of 
The  Journal  of  Gaslighting  (Feb.  8),  a 
suggestion  is  put  forward  that  the  time 
is  ripe  for  the  establishment  of  an  Inde- 
pendent Authority  on  Public  Light- 
ing, to  whom  appeal  could  be  made  in 
cases  of  dispute.  It  is  stated  elsewhere 
in  this  journal  that  further  sums  are  to  be 
set  aside  for  experiments  on  street- 
lighting  in  the  City  of  London. 

Special  attention  may  be  drawn  to  the 
series  of  articles  by  Bernoulli  which  are 
appearing  in  the  Zeitschrift  fiir  Beleuch- 
tungswesen,  dealing  with  the  art  of  illu- 
mination. Recent  instalments  have  dealt 
mainly  with  the  Illumination  of 
Architectural  Exteriors  of  buildings 
and  of  aesthetic  interiors.  The  author 
points  out  that,  apart  from  the  not 
entirely  artistic  method  of  outlining  with 
glow-lamps,  little  has  been  done  to  illu- 
minate buildings  artificially  so  as  to  show 
off  their  architectural  features.  The  same 
is  true  as  regards  the  display  of  fine 
carving,  metal  work,  &c.,  in  rooms  of  an 
artistic  character.  The  fittings  also  lent 
themselves  to  artistic  treatment  in  the 
past,  and  the  author  gives  some  illus- 
trations of  ancient  lanterns,  &c.,  for 
hanging  outside  doorways,  or  above 
staircases. 

Mention  should  also  be  made  of  the 
interesting  address  of  Dr.  E.  P.  Hyde, 
taking  a  wide  view  of  the  development  of 
illumination,  which  was  delivered  before 
the  American  Gas  Institute  and  is  repro- 
duced in  a  recent  number  of  The  American 
Gaslight  Journal.  There  are  also  several 
other  f)a})orH  which  have  been  road  before 
the  Illuminating  Engineering  Society 
(U.SA.),  but  have  only  betm  n^fe^rred  to 
in  abstract  so  far.  Thus  Rolph  has  con- 
sid(;red     the    Lighting    of  Bowling 


Alleys.  He  points  out  the  vital  need 
of  placing  the  sources  correctly  so  as  to 
illuminate  the  pins  and  alley  but  not  to 
shine  into  the  eyes  of  those  about  to 
bowl.  The  illumination  is  also  arranged 
to  increase  gradually  along  the  alley 
from  the  starting  point  to  a  maximum 
where  the  pins  are  placed.  In  this  way 
the  attention  is  involuntarily  directed 
towards  the  thing  aimed  at.  Pearson 
{Elec.  Rev.,  N.Y.,  Feb.  5)  expresses  him- 
self rather  in  favour  of  Inverted  Systems 
OF  Lighting  from  the  physiological 
aspect  ;  nowadays,  he  says,  we  generally 
want  not  merely  certain  portions,  but 
the  whole  room  to  be  adequately  illu- 
minated. 

Among  matters  of  a  more  photo- 
metrical  nature  we  may  note  that  echoes 
of  the  discussion  in  Germany  on  the 
International  Unit  are  still  drifting 
about  ;  several  papers  refer  to  recent 
contributions  by  Monasch  and  others 
on  this  subject.  \ 

Lastly  we  may  mention  the  account  of  ] 
the  researches  of  R.  G.  Harris,  at  Edin- 
burgh University,  on  the  illimiination 
from  pinhole-burners  arranged  sym- 
metrica!! ly  in  different  groups.  He  shows 
that  such  an  illumination  gradually 
falls  as  the  burners  are  separated  in 
general ;  in  the  case  of  groups  of  three 
or  more,  however,  this  was  not  invari- 
ably the  case,  apparently  because  the 
near  proximity  of  the  burners  to  each 
other  affected  the  draught,  &c. 

ELECTRIC  LIGHTING, 

Several  papers  and  articles  have 
api^eared  dealing  with  Arc-lamps.  Thus 
Angold  recently  delivered  a  general 
paper  on  this  subject  before  the  Associa- 
tion of  Engineers-in-Charge  (London), 
and  this  is  reproduced  in  several  of  the 
electrical  papers.  The  author  gives 
some  account  of  the  principles  under- 
lying flame  arcs,  and  makes  special 
mention  of  the  magazine  lamp  which  is 
intended  to  avoid  the  well-known  diffi- 
culty of  (enabling  flame  arc  lami3S  to  burn 
for  a  considerable  while  without  attention. 
Finally  he  considers  the  respective  costs 
of  uj)kee})  of  arc-lamj)s  and  high  candle- 
power  timgsten  lamps.  He  also  points 
out  that  there  is  a  danger  that,  in  seeking 
to  jjrovido  street-lighting  sources  with  a 
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powerful  horizontal  component,  a  ten- 
dency to  glare  may  be  introduced. 

P.  A.  Mossay  [Elec.  Review  Electrician, 
Feb.  11)  describes  a  type  of  arc -lamp 
recently  produced  in  Germany,  and 
described  by  Wedding  in  the  E.  T.  Z. 
(Jan.  13),  i.e.,  the  "  Timar-Dreger."  One 
essential  point  in  connexion  with  this 
lamp  is  that  the  carbons  are  parallel  and 
horizontal. 

Several  articles  in  the  papers  in  the 
United  States  deal  with  street-lighting 
and  Street  -  lighting  Fixtures.  A 
description  of  a  method  of  park-lighting  in 
Newark  is  interesting.  It  consists  of  high 
candle-power  tungsten  sources  mounted 
in  Holophane  spheres,  several  of  which 
are  carried  on  each  pole.  When  a  number 
of  poles  so  equipped  are  used  to  line  an 
avenue  the  resulting  illimiination  is  said 
to  be  very  good  and  the  use  of  globes  of 
this  nature  has  the  effect  of  cutting 
down  the  intrinsic  brilliancy  to  below  that 
usually  met  with  in  street  and  outdoor 
illuminants. 

The  Electrical  World  also  describes 
an  application  of  Flame  Arc-lamps  for 
Shop  Lighting  that  is  not  very  generally 
known.  This  involves  the  installation  of 
flame  arcs  above  a  frosted  glass  panel 
at  the  top  of  the  show-window  so  that  the 
diffused  light  floods  the  window  and  goods, 
but  the  source  is  not  visible  to  the  people 
outside.  By  this  means,  it  is  said,  a 
very  strong  and  good  illumination  can  be 
secured,  at  a  comparatively  small  cost. 

Among  articles  on  glow-lamps  mention 
should  be  made  of  the  series  of  articles 
in  the  Zeitschrift  fiir  Beleuchtungswesen 
on  the  Manufacture  of  Metallic 
Filaments  which  still  continue.  An 
interesting  announcement  is  also  made 
with  regard  to  the  method  of  grading  the 
voltage  of  ' '  Mazda  lamps  in  the  United 
States.  These  lamps  are  to  be  marked 
with  three  voltages,  such  as  110,  112, 
and  114,  corresponding  with  three  grades 
of  efficiency.  A  consumer  can  then  select 
the  efficiency  which  suits  his  own  circuit 
best,  and  specify  that  either  the  top. 


middle,  or  lowest  voltage  should  be  the 
same  as  that  on  his  lighting  circuit. 

GAS,  OIL,    ACETYLENE  LIGHTING,  &c. 

The  paper  by  N.  Macbeth,  before  the 
American  Gas  Institute  is  included  under 
this  heading  because,  while  devoted  to  the 
subject  of  illuminating  engineering  and 
the  lighting  of  various  premises,  &c.,  it  is 
also  mainly  concerned  with  applications  of 
gas  lighting.  Besides  discussing  lighting 
problems,  Mr.  Macbeth  gives  a  number  of 
curves  for  different  burners  showing  the 
effect  of  variation  of  pressure,  &c. 

D.  Witt  (J.  /.  G.,  Jan.  29)  gives  a 
resume  of  Recent  Progress  in  Gas- 
lighting,  including  the  new  raising  and 
lowering  apparatus  for  high-pressure 
incandescent  gas -lamps,  now  on  trial  in 
Germany.  He  states  that  an  efficiency  of 
0*45  litres  per  H.K.  (56  candles  per  cubic 
foot)  has  now  been  obtained,  and  that 
mantles  in  the  streets  commonly  last 
200  hours  before  renewal.  He  also  gives 
some  particulars  of  school-lighting  on  the 
semi-inverted  system.  One  interesting 
method  of  lighting  is  the  installation  of 
well -screened  sources  on  the  left  hand 
of  the  pupils,  so  that  the  light  reaches 
them  in  each  class-room  in  a  direction 
very  similar  to  that  of  daylight. 

An  Editorial  in  the  last  number  of  the 
American  Illuminating  Engineer  deals 
with  the  criticism  that  more  space  ought 
to  be  devoted  in  its  columns  to  gas 
lighting,  pointing  out  that  there  are  a 
very  large  variety  of  subjects  besides 
gas  lighting  to  be  dealt  with  under  the 
heading  of  illumination,  and  that  while 
practically  all  gas  lighting  is  carried 
out  with  incandescent  mantles  electric 
lighting  is  more  complex,  involving  the 
use  of  many  different  types  of  lamps. 

Several  articles  in  German  papers  deal 
with  the  relative  cost  of  acetylene  and 
gas,  &c.,  while  Gatehouse  {Acetylene 
Feb.),  dwells  upon  its  value  for  special 
research  in  which  colour-definition  is  very 
important. 


The  Cause  of  the  Offensive  Odour  of  Mercury  Lamps. 

According  to     The  Electrical  Engineer  air    removed   from   the  neighbourhood 

(August  27,  1909),  a  disagreeable   smell  is  of  the  lamp,  through  an  earthed  metal  tube 

sometimes  noticed  in  the  neighbourhood  in  which  the  ions  were  discharged.  The 

of  mercury  vapour  lamps,  which  has  been  gas  issuing  from  the  tube  was  perfectly 

ascribed  by  some  to  the  ozonisation  of  odourless,  but  the  odour  returned  when 

the  air  surrounding  the  tube  by  ultra  a  glass  tube  was  substituted  for  the 

violet  rays.  metal  one. 

The  true  cause  of  the  smell,  however,  This   suggests   that   the   smell  often 

is  now  thought  to  be  excitement  of  the  noticed  in  the  neighbourhood  of  static 

olfactory  nerves,  due  to  electric  charges  electrical  machines  may  be  due  to  this 

of  the  ionised  air  round  the  lamp.    This,  cause,  and  not  to  the  formation  of  ozone 

t  is  stated,  was  proved  by  passing  the  as  has  usually  been  thought. 
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EDITORIAL. 


The  Measurement  of  Lig^ht  and 
Illumination. 

On  page  227  our  readers  will  find  an 
account  of  the  discussion  which  took 
place  at  the  meeting  of  the  Illuminat- 
ing Engineering  Society,  on  March 
loth,  1910,  on  the  subject  of  the 
"  Measurement  of  Light  and  Illumina- 
tion." 

^  A  number  of  the  best  known  author- 
ities on  Photometry  in  Grreat  Britain 
were  present,  in  several  cases  coming 
considerable  distances.  The  thanks  of 
the  Society  are  due  to  those  who  added 
to  the  pleasure  of  the  proceedings 
by  exhibiting  apparatus  on  this  occa- 
sion. 

We  have  once  more  deliberately 
selected  for  discussion  a  subject  of  a 
very  general  nature  merely  in  order  to 
show  how  wide  is  the  ground  to  be 
covered  in  future  debates.  In  con- 
sidering the  policy  of  the  Society,  one 


must  remember  that  its  main  object 
for  the  present  should  be  to  attract 
interest  of  those  outside;  to  convince 
the  general  public  that  it  has  an  im- 
portant place  to  fill  and  that  there 
are  before  it  vital  questions  awaiting 
solution. 

In  order  to  do  this,  we  must  make 
our  meetings  interesting  and  attractive 
to  many  who  do  not  at  present  profess 
to  be  experts  in  the  particular  branch 
of  the  subject  discussed.  There 
are  a  number  of  gentlemen  in  this 
country  and  elsewhere,  who  have  made 
a  special  study  of  photometry.  They 
may  rightly  desire  to  have  opportunities 
afforded  of  discussing  some  of  the  many 
crucial  points  on  which  the}^ are  conscious 
of presentdisagreement.  Opportunities 
of  this  kind,  the  Societ}'  of  course  means 
to  provide  in  the  future.  But  it  would 
be  premature  at  the  present  moment  to 
seek  to  settle  them  offhand, and  we  shall 
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deal  with  these  problems  all  the  more 
efiectively  when  we  have  a  little  more 
experience  behind  us,  and  a  somewhat 
larger  membership.  Those  who  have 
made  a  speciality  of  one  branch  of  the 
subject  of  illumination  can  help  the 
movement  not  only  by  initiating  and 
carrying  out  researches  which  may 
subsequently  be  laid  before  the  society, 
but  also  in  helping  to  educate  those 
who  are  less  well  informed. 

For  the  present  then,  our  chief  aim 
must  be,  to  bring  home  the  import- 
ance of  the  subject  with  which  the 
Society  has  to  deal,  and  to  lose  no 
chance  of  arousing  interest  in  influen- 
tial quarters.  Each  new  tie  thus  created 
will  help  us  in  the  future.  We  have  to 
"  make  broad  pathways,  letting  in  the 
Sun"  first.  Our  efforts  can  be  narrowed 
down  to  specific  practical  points  after- 
wards. 

Having  drawn  attention  to  the 
number  of  interesting  matters  for  dis- 
cussion, it  is  always  open  to  us  to 
return  to  them  and  thrash  them  out 
thoroughly  on  a  future  occasion,  and 
this  we  intend  doing.  In  the  mean- 
time, our  columns  are  at  the  disposal 
of  those  who  wish  to  communicate 
remarks  on  what  has  passed  already. 
This  is  true,  both  of  the  subject  which 
was  discussed  at  our  last  meeting,  and 
also  of  the  discussion  on  "  Glare,"  some 
further  comments  on  which  appear,  in 
our  present  number,  page  247. 

Courses  of  Instruction   on  Illu- 
mination and  Photometry. 

We  have  several  times  referred  to 
the  need  for  courses  of  instruction,  at 
technical  colleges  and  institutions, 
dealing  in  a  more  thorough  and  prac- 
tical manner  with  the  subject  of  illu- 
mination. 

Our  feeling  that  more  requires  to 
be  done  in  this  respect  was  voiced  by 
several  members  in  the  recent  dis- 
cussion of  the  Illuminating  Engineer- 
ing Society.  Hitherto  there  has  been 
little  attempt  to  organize  such  courses 
dealing  with  the  subject  of  illumina- 
tion as  a  whole  and  not  merely  with 


some  section  of  lighting,  but  we  hope 
shortly  to  see  developments  in  this 
direction.  As  regards  laboratory  work, 
it  may  also  be  said  that  the  regular 
experiments  provided  are  often  of  a 
somewhat  stereotyped  nature  and 
relate  to  photometry  only.  In  addi- 
tion, in  too  many  cases  the  apparatus 
provided  is  not  of  a  very  up-to-date 
character. 

In  fact  we  fancy  that  among  the 
students  at  many  technical  colleges 
photometry  has  a  somewhat  unenviable 
reputation.  For  this  the  way  the  sub- 
ject is  presented  is  often  at  least  par- 
tially responsible.  To  work  in  a  dark 
room  for  any  length  of  time  is  in  itself  ' 
depressing,  and  very  often  this  feeling 
is  intensified  by  the  fact  that  the 
lighting  arrangements  provided  are 
unsatisfactory. 

In  addition,  in  some  technical  col- 
leges there  is  a  tendency  to  lay  a 
rather  misplaced  emphasis  on  accuracy. 

The  importance  of  being  able   to  ■ 
form  exact  estimates  of  light  can  hardly  | 
be   over-estimated,  but  experiments  j 
should  not  be  entirely  of  a  kind  in  ' 
which  extreme  exactitude  in  measure- 
ment is  of  paramount  importance,  and 
in  any  case  the  student  ought  to  realize 
clearly  how  greatly  the  high  order  of 
accuracy  attainable  and  desirable  in 
the  laboratory  may  be  rendered  un- 
necessary, or  even  useless,  by  consider- 
ations in  practice. 

What  is  needed  at  the  present  day 
is  much  more  to  bring  about  a  recog- 
nition that,  for  practical  purposes,  the 
measurement  of  light  is,  after  all, 
quite  a  simple  and  feasible  process,  and 
that  even  simple  apparatus  can  often 
enable  us  to  obtain  sufficiently 
accurate  results. 

In  this  connexion  we  hope  that  those 
in  a  position  to  exhibit  apparatus  of  a 
practical  character  will  take  lull  advan- 
tage of  the  opportunity  of  doing  so  at 
the  next  meeting  of  the  Illuminating 
Engineering  Society,  in  order  to  give 
those  present  a  good  opportunity  of 
noting  how  simple  a  process  the 
measurement  of  illumination  may  be. 
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We  should,  therefore,  like  to  see 
instituted  in  the  courses  at  colleges  and 
institutions  rather  more  experimental 
work  on  questions  connected  with  illu- 
mination, as  apart  from  the  mere  study 
of  sources  of  light.  We  should  also 
like  to  observe  some  organized  attempt 
on  their  part  to  keep  in  touch  with 
the  most  recent  developments  in  photo- 
metric appliances  in  order  that  the 
admitted  difficulties  of  work  of  this 
kind  should  not  be  added  to  by  obso- 
lete apparatus. 

In  many  institutions,  too,  the 
facilities  for  testing  gas  or  electric 
lighting  may  be  admirable,  but  it  is 
less  usual  to  find  adequate  arrange- 
ments for  both.  This  is  naturally  an 
unsatisfactory  condition  of  affairs,  since 
it  is  only  through  experiments  on  all 
illuminants  that  a  student  can  become 
acquainted  with  the  merits  and  disad- 
vantages of  the  various  systems  of 
lighting  in  practice.  Yet  there  is  a 
field  for  each,  and  if  the  students 
emerging  from  our  technical  colleges 
are  to  be  numbered  among  the  future 
illuminating  engineers  they  should  be 
given  an  opportunity  of  realizing  this. 

A  certain  amount  has  been  done, 
both  in  this  country  and  elsewhere,  in 
the  direction  of  providing  facilities  for 
the  study  of  illumination,  though  we 
cannot  regard  the  present  arrange- 
ments as  at  all  satisfactory,  and  feel 
that  much  requires  to  be  done.  Even 
those  courses  of  instruction  in  illumi- 
nation which  immediate  necessity  will 
probably  shortly  call  into  being  can 
only  be  regarded  as  a  temporary  and 
preliminary  method  of  dealing  with 
the  subject.  We  must  now  seek  to 
form  a  more  precise  idea  as  to  how 
the  ideal  course  of  illuminating  engi- 
neering, as  suggested  by  Dr.  Louis 
Bell  in  his  communication  to  the  pre- 
sent number,  should  be  constituted. 
The  lUuminatingEngineering  Societies 
in  this  country  and  in  the  United 
States  will,  we  hope,  soon  be  able  to 
take  the  initiative  in  this  matter,  and 
be  in  a  position  to  recommend  a  suit- 
able syllabus. 


The  Fourth  Anniversary  of  the 
American  Mlluminating^ 
Engineer.' 

The  March  number  of  our  contem- 
porary, the  Illuminating  Engineer  of 
New  York,  marks  the  commencement 
of  its  fifth  year  of  existence.  We  feel 
sure  that  our  readers  will  join  with  us 
in  expressing  appreciation  of  the  work 
that  our  friends  in  the  United  States 
have  been  able  to  do,  and  in  wishing 
them  even  greater  prosperity  in  the 
future. 

That  substantial  results  have  already 
been  achieved,  however,  is  illustrated 
by  the  contents  of  the  number  of  our 
contemporary  to  which  we  refer.  In 
accordance  with  its  custom,  the  journal 
contains  a  summary  of  the  year's  pro- 
gress in  illuminating  engineering,  and 
also,  what  is  perhaps  even  more  inte- 
resting, expressions  of  opinion  on  the 
part  of  managers  and  engineers  of  a 
wide  variety  of  business  concerns  in 
different  parts  of  the  country. 

There  has  been  steady  progress  in 
almost  every  department.  Gas  lighting 
and  electric  light,  are  still  feeling  the 
effects  of  the  introduction  of  inverted 
burners,  high-pressure  gas  systems,  and 
metallic  filament  lamps.  In  street 
lighting,  in  particular,  there  has  been 
a  steady  growth  of  interest.  Many 
municipalities  are  taking  up  the  matter 
with  vigour,  and  the  recognition  of  the 
importance  of  this  subject  from  the 
public  standpoint  is  gaining  ground ; 
each  new  improvement  renders  it  less 
likely  that  there  wilt  ever  be  a  rever- 
sion to  the  old  days  of  comparative 
darkness. 

The  opinions  to  which  we  refer,  too, 
are  not  expressed  by  professors  alone, 
but  are  also  those  of  business  men, 
interested  in  the  progress  of  illumina- 
tion from  a  severely  practical  stand- 
point. They  are  connected  with  many 
different  concerns,  gas  and  electric 
companies,  railway  companies,  manu- 
facturers of  glassware,  &c.,  and  are  all 
agreed  as  to  the  great  stimulation  in  the 
lighting  business  that  has  taken  place. 

What  we  would  particularly  like  to 
emphasize,  is  the  unanimity  of  those 
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engaged  in  such  different  fields  of 
lighting.  We  find,  for  exanaple,  gas 
lighting  and  electric  lighting  develop- 
ing side  by  side,  and  both  doing  more 
business.  It  is  to  the  interest  of  all 
makers  of  lighting  apparatus,  to  take 
a  pleasure  in  fostering  the  illuminat- 
ing engineering  movement  by  which 
they,  as  well  as  the  public,  hope  to 
benefit. 

Futile  Controversy  on  the 
Relative  Cheapness  of  Different 
llluminants. 

It  is  perhaps  not  altogether  sur- 
prising, though  it  is  unfortunate,  that 
the  cost  alone  of  different  systems  of 
illumination  should  so  frequently  form 
the  subject  of  controversy  in  the  daily 
papers.  This  question  of  expense, 
which  figures  so  largely  in  partisan 
controversy,  is  only  one  among  many 
which  determine  the  choice  of  an 
illuminant.  This  is  a  matter  on  which 
misrepresentation  is  only  too  easy,  and 
even  the  unconscious  omission  of  rele- 
vant details  can  often  put  quite  a 
different  complexion  on  a  result.  We 
ourselves  have  often  pointed  out  the 
absurdity  of  a  comparison  in  which  a 
very  powerful  source  of  some  1,000 
candle-power  of  one  kind  is  compared 
with  a  very  small  unit  of  another,  and 
in  which  not  infrequently,  the  most 
recent  development  in  electric  lighting 
is  compared  with  the  most  ancient  in 
gas — or  vice  versa. 

The  cost  of  gas  or  electric  energy 
the  average  time  which  elapses  before 
an  incandescent  glow  lamp  or  a  mantle 
requires  to  be  renewed,  the  price  of  the 
lamp  or  mantle,  &c.,  all  these  differ, 
and  the  light  attributed  to  the  different 
sources  is  often  expressed  in  a  very 
dubious  manner.  But  a  short  while  ago 
(Vol.  IL,  p.  489),  Prof.  H.  Strache  of 
Vienna  drew  attention  in  our  columns 
to  the  need  for  some  common  system 
of  expressing  the  candle-power  of 
sources. 

Whatever  our  views  regarding  the 
correct  method    of  comparing  the 


light  given  by  difterent  sources, 
it  must  be  recognized  that  the 
mere  selection  of  the  light  in  som-e 
particular  direction  must  always  con- 
stitute an  unsatisfactory  basis  of 
comparison.  The  polar  curves  of  light- 
distribution  of  different  illuminant  s 
differ  radically.  Moreoverit  is  becoming 
very  customary  to  have  resource  to 
reflectors  and  globes,  by  which  such 
curves  can  be  materially  modified.  It 
is  in  fact  becoming  realised  that  a 
source  of  light  is  only  in  the  raw  con- 
dition until  it  has  been  provided  with 
a  suitable  shade  in  order  not  only  to 
screen  its  intrinsic  brilliancy  but  also 
to  direct  the  light  where  it  can  be 
usefully  employed. 

It  is  therefore  obviously  desirable 
to  adopt  some  method  of  specifying 
candle-power  which  is  independent  of 
any  peculiarities  in  the  polar  curve  of 
light-distribution  used,  and  this  is  a 
matter  with  which  the  Illuminating 
Engineering  Society  will  no  doubt 
grapple  in  the  future. 

Another  feature  of  such  discussions 
which  is  not  without  its  amusing  side 
is  the  ingenuity  with  which  repre- 
sentatives of  one  or  the  other  system 
of  lighting  lay  hold  on  any  apparently 
favourable  statement  by  those  con- 
nected with  the  illuminating  engi- 
neering movement.  In  such  cases 
stress  is  invariably  laid  on  the  strictly 
impartial  attitude  of  the  Society  and 
the  value  which  must  be  attached  to 
the  opinions  of  its  members.  When, 
however,  an  expression  of  opinion  by 
the  same  member  can  be  construed  as 
unfavourable  its  value  suffers  an  un- 
accountable depreciation. 

We  have  never  disguised  our  belief 
that  controversy  on  this  question  of 
cost  is  rarely  profitable.  When  figures 
are  given  they  must  be  quoted  with 
reserve,  and  we  notice  that  our  views 
are  held  even  in  quarters  in  which  the 
temptation  to  embark  on  such  dis- 
cussions is  occasionally  too  strong  to 
resist. 

Leon  Gastek. 
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Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  (p.  223)  deals  in 
this  number  with  the  Harrison  Uni- 
versal Photometer,  which  can  be 
used  either  for  the  measurement  of 
illumination  or  for  testing  the  intensity 
of  sources  of  light  in  the  streets.  He 
describes  the  most  recent  type  of  this 
instrument  which  enables  measurements 
to  be  made  in  a  horizontal,  and  in 
inclined  planes,  the  methods  of  flicker  or 
equality  of  brightness  being  available. 

Mr.  Trotter's  article  is  followed  by 
an  account  of  the  discussion  on  the 
Measurement  of  Light  and  Illumination 
at  the  last  meeting  of  the  Illuminating 
Engineering  Society  on  March  15th 
(p.  227). 

The  President,  Prof.  S.  P.  Thomp- 
son, D.Sc,  F.R.S.,  opened  the  pro- 
ceedings by  a  brief  description  of  a 
number  of  photometers,  and  showed 
some  models  illustrating  the  different 
types. 

Prof.  A.  G.  Yernon  Harcourt  de- 
scribed some  tests  on  lighthouses  which 
he  had  made  for  the  Board  of  Trade, 
and  referred  to  the  value  of  a  star  disc 
grease  spot  photometer  in  tests  of  this 
kind. 

Dr.  J.  A.  Fleming  made  some 
remarks  on  the  distinction  between 
primary  and  secondary  standards,  and 
laid  stress  on  the  necessity  for  discover- 
ing an  international  standard  of  light 
based  on  some  incandescent  material. 

Mr.  C.  C.  Paterson  also  dealt  with 
the  question  of  photometric  standards, 
and  showed  diagrams  illustrating  the 
agreement  in  photometric  readings 
comparing  incandescent  lamps  of 
various  efficiencies. 

Mr.  A.  P.  Trotter  dealt  mainly  with 
the  first  of  the  series  of  queries,  and 
drew  attention  to  the  inadequate  nature 
of  the  apparatus  employed  in  many 
technical  colleges  and  institutions. 

Dr.  W.  E.  Sumpner  dealt  mainly 
with  methods  of  determining  the  mean 
spherical  candle-power,  and  Prof.  J.  T. 


Morris  gave  a  description  of  the  special 
apparatus  used  at  the  East  London 
Technical  College  for  this  purpose.  He 
also  expressed  his  approval  of  the  grease 
spot  photometer,  if  carefully  made. 

Mr.  J.  S.  Dow  referred  to  the  con- 
tributions of  various  corresponding 
members,  and  described  some  experi- 
ments demonstrating  how  the  sensitive- 
ness of  a  photometer  varied  with  the  in- 
tensity of  illumination.  He  also  showed 
an  experiment  illustrating  the  effect  of 
different  coloured  light  on  acuteness  of 
vision. 

Following  this  account  on  the  dis- 
cussion will  be  found  the  contributions 
of  several  corresponding  members. 

Dr.  H.  Stockhausen  (p.  238)  refers 
mainly  to  the  physiological  factors 
influencing  the  sensitiveness  of  photo - 
metrical  instruments,  including  the 
effect  of  stray  light.  He  also  points 
out  how  photometrical  measurements 
rarely  represent  exactly  the  experience 
of  the  eye. 

Dr.  Louis  Bell  lays  stress  on  the  need 
for  a  scientific  training  course  in  illu- 
minating engineering  (p.  242).  He 
considers  that  the  present  attempts 
in  this  direction  can  only  be  regarded 
as  tentative,  and  that  the  Illuminating 
Engineering  Society  should  interest 
itself  in  the  matter. 

Dr.  C.  H.  Sharp  refers  to  the  value  of 
the  integrating  photometer,  and  Mr. 
P.  S.  Millar  refers  in  general  terms  to 
the  importance  of  photometry,  and 
draws  attention  to  the  number  of 
different  papers  that  have  recently 
appeared  on  the  subject  (p.  244). 

Mr.  F.  H.  Stickney  (p.  245)  con- 
tributes a  general  reply  to  the  series 
of  queries  circulated  previous  to  the 
meeting. 

M.  Lauriol  likewise  contributes 
some  general  remarks  making  special 
reference  to  the  difficulty  of  comparing 
lights  which  differ  in  colour. 
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Attention  may  also  be  drawn  to  the 
contributions  of  Prof.  G.  J.  Burch  and 
Dr.  C.  H.  Williams  on  the  subject  of 
'  Glare,  its  Causes  and  Effects  '  ;  Prof. 
Burch  suggests  that  the  method  of 
studpng  the  "  after-image "  cannot 
easily  be  applied  to  the  quantitative 
determination  of  glare.  Dr.  C.  H. 
Williams  refers  to  the  use  of  the 
"  Simplex  "  photometer. 

Dr.  B.  Monasch  (p.  251)  contributes 
an  article  on  the  Application  of 
Metallic  Electrodes  to  Arc  Lamps. 
He  summarizes  the  work  that  has 
previously  been  done  to  this  field,  and 
points  out  some  of  the  misconceptions 
of  early  inventors.  Proceeding,  he 
describes  some  of  his  own  experiments 
on  electrodes  composed  of  various 
metallic  mixtures  of  magnetite  and 
other  substances. 

Dr.  W.  Coblentz  (p.  259)  having 
completed  his  remarks  upon  incan- 
descent solids  in  the  last  instalment 
of  his  article,  now  turns  to  the  dis- 
cussion of  Luminous  Flames  and 
Luminescent  Gases,  &c.  He  shows 
that  spectra  of  this  kind  are  entirely 
different  from  those  of  incandescent 
solids,  and  illustrates  his  remarks  by 
diagrams  showing  the  distribution  and 
energy  in  the  bunsen  flame  the  m()tallic 
vapour  arc,  &c.  ,  [  ♦ 

On  p.  265  will  be  found  an  article 
describing  various  Methods  of  Deter- 
mining the  Mean  Spherical  Candlb- 
PowER  OF  Illuminants  ;  in  the  present 
instalment  the  author  deals  chiefly 
with  the  globe  photometer.  Reference 
is  also  made  to  some  experiments  by 
E.  Perrine  with  this  apparatus.  The 
author  points  out  the  influence  on  the 
''constant,"  of  the  position  of  the 
source  of  light  within  the  globe 
(p.  268). 

Attention  may  also  be  drawn  to 
the  illustrated  article  describing  the 
Electric  Lighting  of  several 
Churches  in  Germany  (p.  269). 
This  contains  some  information  regard- 
ing some  churches  in  which  arc-lamps 
and  other  mod(!rn  illuminants  have 
r(;cently  |j(;en  introduced.  An  interest- 
ing application  of  electric  lighting  is 


the  use  of  small  voltage  metallic  fila- 
ments for  the  decoration  of  the  altar. 

An  article  by  an  Engineering  Corre- 
spondent on  p.  273  contains  some 
notes  on  the  Present  State  of 
Metallic  Filament  Lamps.  The 
author  points  out  that  many  of  the 
early  difficulties,  such  as  excessive 
fragility,  &c.,  have  been  largely  over- 
come, though  it  is  still  desirable  to 
avoid  certain  unfavourable  conditions. 
Following  this  will  be  found  some  notes 
on  a  recent  paper  by  Mr.  M.  Macbeth 
before  the  American  Gas  Institute  in 
which  the  importance  of  illuminating 
engineering  from  the  standpoint  of 
the  gas  engineer  is  emphasized.  Mr. 
Macbeth  also  lays  stress  on  the  need 
for  some  form  of  standard  specifica- 
tion for  gas-mantles.  The  Presidential 
Address  of  Mr.  H.  Kendrick  (p.  279) 
before  the  Manchester  District  Institu- 
tion of  Gas  Engineers  is  also  referred 
to  ;  it  contains  some  interesting  remarks 
on  the  same  subject. 

The  paper  by  Dr.  C.  P.  Steinmetz  on 
the  Physiological  Effects  of  Radia- 
tion is  completed  in  the  present  number 
(p.  201).  The  author  points  out  the 
analogy  between  the  effect  of  chemical 
light  on  a  photographic  plate  and 
that  of  visible  light  in  promoting  life  of 
vegetable  organisms,  &c.  ;  ultra-violet 
light,  on  the  other  hand,  may  be  very 
injurious.  Yet  it  is  essential  to  observe 
that  a  distinction  must  be  drawn 
between  different  qualities  of  ultra- 
violet light.  The  properties  of  X-rays 
are  also  referred  to. 

Among  other  articles  in  this  number 
we  may  draw  attention  to  that  dealing 
with  the  importance  of  Light  as  an 
Attraction  to  Customers  and  the 
Employment  of  Metallic  Filament 
Lamps  for  Street  Lighting.  In  the 
first  of  the  two  articles  named  an  account 
of  some  investigations  in  the  United 
States  on  the  influence  of  the  lighting 
of  shops,  &c.,  in  attracting  pedestrian 
and  vehicular  traffic  is  given  ;  statistics 
apf)ear  to  show  that  it  has  a  very  con- 
sidera})lc  attractive  power. 

At  the  end  of  this  number  will  also 
be  found  the  usual  Review  of  the 
Technical  Press  (p.  285). 
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Illumination,  Its  Distribution  and  Measurement. 

By  a.  p.  Trotter, 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p.  15J,^  Vol.  III.) 


The  Harrison  Photometer.  —  Mr. 
Haydn  Harrison  finds,  as  an  expert 
in  street  lighting,  that  measurements 
of  candle-power  are  generally  of 
more    importance    for    his  purpose 


Fig.  111. 

The  Harrison  Photometer,  outside  view, 
than  measurements  of  illumination, 
and  he  is  content  to  calculate  the 
latter  from  the  former,  taking  one  lamp 
at  a  time.  The  original  form  of  his 
photometer  received  the  light  only  on  a 
screen  or  test  plate  set  at  an  angle  of 
45°,  but  a  horizontal  screen  has  recently 
been  added.  The  principle  of  a  tilting 
inner  screen  is  used,  but  the  test  plate 
is  not  perforated.  The  comparison  is 
effected  by  the  use  of  the  flicker  princi- 
ple. The  instrument  is  illustrated  in 
Figs.  111,112,  and  113.  Arather  small 
hole  A,  Fig.  112,  in  the  top  of  the 
instruments  allows  the  screen  B  to  be 
seen  when  viewed  vertically.  The 
screen  B  is  inclined  at  45°,  and  consists 
of  a  disc  from  which  two  sectors  of  90° 
have  been  cut  away.  The  disc  is  free 
to  revolve  on  a  spindle,  and  is  set 
spinning  by  a  current  of  air  acting  on 
the  vanes  C.  The  air  is  blown  through 
the  tube  D  by  means  of  an  indiarubber 
ball.    A  mirror  E  is  set  at  such  an  angle 


that  the  tilting  screen  N  may  be  seen 
through  the  hole  A.  The  screen  N  may 
be  illuminated  by  a  small  lamp  F,  or  a 
large  lamp  G.  When  the  disc  B  is  set 
spinning  alternate  views  of  the  disc  and 
of  the  screen  N  are  seen.  The  intention 
of  this  arrangement  is  that  when  the 
brilliance  of  the  screens  is  unequal  there 
is  an  appearance  of  flicker,  but  when  the 
screen  N  is  suitably  tilted  and  the 
brilliance  of  each  screen  is  the  same, 
the  flicker  disappears.  When  the  light 
to  be  measured  is  of  about  the  same 
colour  as  that  of  the  little  lamp  in  the 
photometer,  there  is  no  advantage 
over  the  use  of  a  perforated  screen  or 
Conroy  method,  and  there  are  some 
disadvantages.  But  when  the  lights 
are  of  different  colours  it  is  possible 
still  to  obtain  a  disappearance  of  the 
flicker.  It  is  supposed  that  the 
brilliancies  of  the  two  screens  are  then 
of  the  same  value.  Some  doubt  has 
rbje^n  thrown  on  this,  and  until  I  have 


Fig.  112. 

The  Harrison  Photometer,  end  view  of  interior. 

had  opportunity  of  practical  experi- 
ence with  the  flicker  photometer,  I  am 
not  prepared  to  express  an  opinion  on 
its  merits.    But  there  is  no  doubt  that 


224 


THE  ILLUMINATING  ENGINEER. 


for  ordinary  ranges  of  colour  and  an 
accuracy  of  plus  or  minus  4  or  5  per 
cent,  the  flicker  principle  is  very  con- 
venient. Some  little  knack  is  necessary 
to  spin  the  disc  at  the  right  speed. 
This  varies  with  the  brightness.  With 
strong  light  the  speed  must  be  slower. 
At  too  high  a  speed  considerable 
change  may  be  made  in  the  brilliancies 
of  the  two  screens  without  producing 
flicker.  The  knack  may  be  learned  in 
a  few  minutes,  and  little  or  no  photo- 
metric experience  is  necessary.  A 
rather  important  feature  in  connection 
with  Mr.  Haydn  Harrison's  work  is  the 
demonstration  of  the  comparison  of 
different  kinds  of  illumination  to  the 
members  of  municipal  governing  bodies. 
Such  a  person  would  be  able  to  satisfy 
himself  of  the  absence  of  flicker  if  the 


Fig.  113. 

The  Harrison  Photometer,  side  view  of  interior. 

instrument  had  been  set  for  him,  and 
he  would  imagine  that  he  was  some- 
what the  wiser.  But  he  might  be 
troubled  with  the  colour  difference  of  an 
ordinary  photometer  with  white  screens. 

For  candle-power  measurements  in 
street  work  it  is  not  necessary  to  deal 
with  small  illuminations,  and  these  are 
avoided  also  by  setting  the  disc  at  45° 
instead  of  liorizontally.  The  scale  L 
of  this  photometer  is  not,  therefore. 


intended  for  low  readings.  The  pointer 
M  serves  also  as  a  handle  for  moving  the 
screen  N.  A  knob  P  is  provided  for 
holding  the  end  of  a  measuring  tape. 
Either  of  the  two  lamps  may  be  lighted 
by  inserting  the  plug  J  into  the  two-way 
block  H,  thus  securing  one  of  the  best 
kinds  of  contact.  When  not  in  use,  the 
plug  is  kept  in  the  clip  Q.  The  accu- 
mulator K  is  contained  in  the  instru- 
ment, no  loose  wires  are  employed, 
and  the  connections  between  the  lamps 
and  the  accumulator  are  permanent. 

A  level  T  is  fixed  on  the  top  of  the 
instrument,  and  for  cases  where  the 
lamp  to  be  measured  is  not  directly 
facing  the  45"  screen  B  a  clinometer  U 
is  provided.  This  consists  of  a  lens 
which  throws  an  image  of  the  lamp 
on  to  a  mark  on  a  screen.  Both  lens 
and  screen  can  turn  on  a  horizontal 
axis,  and  an  index  shows  the  angle  at 
which  they  point.  .Resistances  V  en- 
able the  lamps  to  be  adjusted  for  candle- 
power. 

When  a  considerable  number  of  lamps 
are  in  view  it  is  not  difficult,  as  a  rule, 
to  measure  the  combined  illumination 
on  a  horizontal  screen  without  obstruct- 
ing any  important  lights,  but  the  con- 
verse, the  measurement  of  the  candle- 
power  of  each,  and  the  calculation  of 
the  combined  illumination  would  not 
only  be  very  tedious  but  would  be 
inaccurate  if,  as  in  the  case  of  interior 
illumination,  there  is  much  reflected 
light.  For  such  purposes  the  screen 
inclined  at  45°  must  be  given  up,  and 
Mr.  Harrison  has  provided  a  horizontal 
screen  surrounding  the  hole  A.  When 
this  is  employed  he  abandons  the  use  of 
the  flicker  principle,  and  the  plioto- 
meter  becomes  a  perforated  screen 
instrument,  with  a  vertical  view  ;  the 
screen  N  being  seen  by  reflection  in 
the  mirror  E.  The  sector  disc  B  is 
clamped  by  the  screw  S  to  give  a  clear 
view  between  the  sectors. 


{To  he  continued). 
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The  Value  of  Light  as  a  Means  of  Attracting  Traffic  and 

Customers. 


The  fact  that  the  Hghting  of  a  shop 
is  an  important  factor  in  attracting 
customers  is  now  very  generally  appre- 
ciated. The  use  of  light  by  the  sales- 
man may  be  said  to  serve  a  double 
purpose,  firstly,  to  attract  the  customer, 
and  secondly  to  enable  him  to  see  what 
is  on  sale  when  he  arrives.  It  is  part  of 
the  work  of  tlie  illuminating  engineer 
to  see  that  these  two  requirements  are 
so  met  as  not  to  conflict  with  one 
another. 

While  this  fact  is  fully  realised,  how- 
ever, there  are  not  on  record  many 
experiments  dehberately  designed  to 
test  the  effect  of  light  in  this  way. 
It  may,  therefore,  be  of  interest  to 
refer  to  an  account  by  Mr.  J.  M. 
Conelly,  in  our  contemporary  The 
Illuminating  Engineer  of  New  York 
(January,  1910),  dealing  with  some  data 
collected  by  Mr.  H.  L.  Doherty,  the 
president  of  the  Denver  Gas  and  Electric 
Co.  In  this  city  the  application  of 
light  to  attract  custom  has  received 
much  study,  and  the  Gas  &  Electric 
Co.  recently  organized  a  system  of 
counting  the  number  of  pedestrians  and 
people  carried  by  vehicles  passing  along 
various  streets  after  dark.  The  result 
of  these  investigations  seems  to  be 
rather  striking.  They  are  claimed  to 
demonstrate  that  the  evening  flow  of 
traffic  and  pedestrians  is  governed 
mainly  by  the  window  and  street- 
illumination.  In  addition  it  appeared 
that  the  attracting  power  of  certain 
well-lighted  shops  was  directly  depend- 
ent upon  the  amount  of  light  utilized, 
although  some  arrangements  were 
naturally  more  attractive  than  others. 

The  effectiveness  of  the  Hghting 
could  be  roughly  expressed  as  the 
number  of  foot  passengers  per  candle- 
power.  In  most  cases  this  figure 
varied  between  0-78  and  1-27,  but  in 
one  instance,  when  the  light  seemed  to 
have  an  unusually  effective  attracting 


power,  there  were  more  than  three 
passers-by  per  candle. 

In  general,  it  is  suggested,  the  crowds 
come  for  the  lights.  The  worth  of  a 
business  site  is  mainly  dependent 
upon  the  number  of  passers-by  during 
business  hours,  and  this  again  appears 
to  be  largely  influenced  by  the  system 
of  lighting.  Passers-by  of  all  kinds 
add  to  the  value  of  a  premises  from  the 
advertising  standpoint ;  but  pedestrians 
are  naturally  more  valuable  than 
passengers  on  tramcars,  &c.,  since  the 
latter  can  only  give  a  fleeting  glance 
into  the  windows,  while  the  former  may 
remain  to  examine  their  contents.  It 
must  be  borne  in  mind  that  somewhat 
different  measures  are  needed  to  attract 
these  two  classes.  A  sign  that  catches 
the  eye  of  a  man  driving  a  vehicle  may 
not  answer  the  purpose  of  attracting  and 
keeping  the  attention  of  the  pedestrian. 
When  in  addition  we  recall  that  it  is 
obviously  desirable  to  avoid  any  kind 
of  attracting  device  which,  owiug  to 
excessive  brightness  or  other  cause,  is 
offensive  to  the  eyes  of  people  who  have 
arrived  with  the  object  of  observing 
the  contents  of  the  windows,  it  is  evi- 
dent that  there  is  room  for  a  con- 
siderable amount  of  psychological  study 
in  shop-  and  sign-lighting. 

It  seems  to  be  recognized  that  the 
salesman  who  is  impressed  by  the 
value  of  unduly  powerful  lights  out- 
side his  shop  has  in  his  mind  the 
analogy  of  the  moth  and  the  candle, 
and  believes  they  attract  custom. 
Bat  we  must  also  recognize  that 
light  so  used  is  in  the  "raw"'  con- 
dition, and  consider  how  to  arrange 
suitable  semi-transparent  screens  or 
illuminated  devices,  to  be  placed  round 
such  sources,  which,  while  cutting  down 
their  intrinsic  brilliancy  belo^v  the 
objectionable  value,  still  constitute 
sufficiently  prominent  and  attractive 
objects. 
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The  Measurement  of  Light  and  Illumination. 


The  next  meeting  of  the  JUumina- 

tim  Bnoineenng  Society  win  take 

place  on  Thursday,  April  14th,  1910,  at 
8  p.m.,  at  the  house  of  the  Royal 
Society  of  Arts  (John  Street,  Adelphi, 
London,  W.),  when  the  discussion  on 
"  The  Measurement  of  Light  and 
Illumination,"  {Illustrated),  will  be 
resumed. 

In  order  to  make  the  discussion  as 
complete  as  possible  it  is  again  hoped 
that  foreign  members  and  others  who  are 
unable  to  be  present,  will  send  written 
contributions  which  should  preferably 
be  in  the  hands  of  the  Hon.  Secretary 
(Mr.  L.  Gaster,  32,  Victoria  Street, 
London,  S.W.)  by  April  11th  ;  but  we 
will  also  welcome  communications  at 
any  time  from  members  who  find 
themselves  unable  to  send  them  in  by 
the  above  date. 

The  following  series  of  queries  on 
the  subject   was  prepared  and  pub- 

List  of  5 

1.  Are  the  courses  of  instruction  and 
experimental  faciUties  at  technical  colleges 
and  scientific  institutions  for  the  study  of 
photometry  adequate,  and  what  changes 
are  desirable  in  the  existing  methods  to 
suit  modern  requirements  ? 

2.  What  is  the  maximum  sensitiveness 
(i.e.  the  smallest  percentage  change  of 
illumination  perceptible  to  the  eye)  at 
present  obtainable  from  photometrical 
instruments  in  the  laboratory  ?  How 
should  this  sensitiveness  be  tested  and 
expressed,  and  to  what  extent  does  it 
difiPer  in  the  case  of  different  individuals  ? 
In  what  directions  may  improvements  be 
anticipated  in  the  future  ? 

3.  What  are  the  best  modern  methods 
of  obtaining  the  polar  curves  of  light- 
distribution  and  of  measuring  the  mean 
spherical  candle-power  of  different  sources, 
and  what  possibilities  are  there  of 
simplifying  and  improving  such  processes 
in  the  future  ?  What  are  the  best 
methods  of  deriving  the  mean  spherical 
or  moan  hemispherical  candle-power  from 
such  curves  in  the  case  of  all  ilhiminants  ? 

4.  As  it  is  desirable  that  there  should  bo 
international  agreement  on  the  subject  of 
the  commonly  accepted  method  of  measur- 
ing and  expressing  tho  intensity  of  illu- 
rninantH''o£  all  kinds  in  order  that  results 


lished  in  the  March  number  of  The 
Illuminating  Engineer  in  order  to 
suggest  a  few  points  on  which  dis- 
cussion would  be  valuable.  Naturally 
this  list  is  only  suggestive,  and  dis- 
cussion will  also  be  welcomed  on  other 
recent  developments  in  the  subject. 

It  is  again  hoped  to  make  the  exhibit 
of  different  forms  of  apparatus  a  special 
feature  of  the  next  meeting. 

At  the  last  meeting  of  the  Society 
attention  was  mainly  devoted  to  the 
underlying  principles  of  the  subject. 
The  more  practical  applications, 
such  as  the  measurement  of  illumina- 
tion in  streets,  factories,  libraries,  &c. 
(see  Queries  6,  7,  8),  will  be  chiefly  dis- 
cussed at  the  next  meeting  of  the 
Society  to  be  held  on  April  14th. 

Members  and  others  desiring  to 
participate  in  the  discussion  are  in- 
vited to  send  in  their  names  to  the  Hon. 
Secretary  previous  to  the  meeting. 

ueries :  — 

referring  to  different  sources  may  be 
comparable  one  with  another,  on  what 
basis  should  such  comparisons  of  illu- 
minating power  be  made,  and  what  in- 
formation should  be  included  in  a  report 
of  tests  of  this  nature  ?  Is  it  desir- 
able that  all  lights  should  be  compared 
in  terms  of  Mean  Spherical  candle-power  ? 

5.  What  is  the  best  method  of  com- 
paring the  intensity  of  modern  sources  of 
light  which  differ  in  colour  ? 

6.  What  are  the  main  qualifications  of 
an  illumination-photometer  for  practical 
work  ?  With  what  degree  of  accuracy 
can  the  illumination  in  streets  and  build- 
ings be  measured,  and  what  limits  of 
accuracy  should  at  present  be  per- 
missible ? 

7.  Discussion  of  the  exact  value  and 
significance  to  be  attached  to  photo- 
metrical  measurements  in  streets,  and 
buildings,  and  the  possibility  of  framing 
and  carrying  out  a  specification  relating 
to  the  conditions  of  illumination  in  such 
cases.  To  what  authority  is  it  desirable 
that  dispute  regarding  such  specifications 
and  photometrical  measurements  should 
be  eventually  referred  ? 

8.  What  are  tho  best  methods  of  study- 
ing and  measuring  daylight  illumina- 
tion ? 
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The  Measurement  of  Light  and  Illumination.* 

(Discussion  at  a  meeting  of  the  Society  held  at  the  House  of  the  Iloyal  Socitty  of  Arts  (London)  on  Tuesday, 

March  15th,  1910.) 


A  DISCUSSION  on  the  above  subject 
took  place  at  a  meeting  of  the  Ilhi- 
minating  Engineering  Society  held  at 
the  House  of  the  Royal  Society  of  Arts 
(London,  W.),  at  8  p.m.  on  Tuesday, 
March  15th,  the  President,  Prof.  S.  P. 
Thompson,  D.Sc,  F.  R.S.,  being  in  the 
chair.  As  on  the  previous  occasion,  a 
list  of  queries  bearing  on  a  few  points 
of  special  interest  had  been  prepared 
and  circulated  previous  to  the  meeting. 
This  list  of  queries  was  published  in 
the  last  number  of  The  Illuminating 
Engineer, and  will  be  found  repro- 
duced on  the  page  opposite. 

The  President  called  on  the  Hon. 
Secretary  to  read  the  minutes  of  the 
last  meeting,  and  subsequently  to 
read  again  the  list  of  names  of  gentle- 
men submitted  for  membership  at  the 
last  meeting  of  the  Society,  who  would 
now  formally  become  members. J  This 
list  was  duly  read  and  the  gentlemen 
in  question  were  declared  members  of 
the  Society.  The  Hon.  Secretary  next 
proceeded  to  read  out  the  names  of 
the  following  gentlemen,  which  had 
been  submitted  to,  and  approved  by, 
the  Council  since  the  last  meeting  on 
Feb.  15th  :— 

Vice-Presidents  : — Mr.  W.  M.  Mordey, 
M.  Violle  (Paris)  ;  Ordinary  Members  : 
Mr.  G.  R.  Barham,  Mr.  H.  W.  Jones, 
Mr.  J.  D.  Knight,  Dr.  A.  Levy,  Mr. 
T.  E.  Slaughter,  Mr.  R.  F.  Venner  ; 
Corresponding  Members  :  Dr.  F.  Schanz 
(Dresden). 

The  President  said  that  the  discus- 
sion that  evening  would  be  devoted  to 


Attention  may  be  drawn  to  an  article  on  this 
subject  which  appeared  in  The  Illuminating 
Engineer,  June,  1908,  p.  498,  and  in  which  a 
number  of  recent  photometrical  instruments  were 
aescribed. 

^ot7'^^..?^^^"*"^"*^'  l^ngineer,  Lond.,  March, 
I'UU,  p.  168. 

vAo%^m^  ^^^wmma^m^  Engineer,  Lond.,  March, 


methods  rather  than  results.  It  was 
the  intention  that  at  the  meeting  a 
month  hence  they  should  discuss  results 
rather  than  methods.  He  had  been 
asked  by  some  members  of  the  Council 
to  open  the  discussion  by  making  a  few 
remarks  upon  some  very  simple  and 
rough  pieces  of  apparatus  which  he 
had  used  from  time  to  time  to  illustrate 
the  elementary  principles  of  photo- 
metry. 

The  President  then  explained  some 
apparatus  which  he  had  had  occasion 
to  make,  in  connexion  with  the  meeting 
of  the  British  Association  meeting  at 
York  three  years  ago,  in  order  to  show 
approximately  and  quantitatively  the 
value  of  different  sources  of  illumina- 
tion. In  this  he  used  one  of  Prof. 
Fleming's  10  candle-power  standard 
lamps.  The  photometer  head  con- 
sisted of  two  pieces  of  looking  glass 
at  45°,  one  reflecting  the  light  from  the 
standard  on  to  a  piece  of  ground  glass, 
and  the  other  reflecting  the  light  from 
a  lamp  to  be  tested  on  to  the  other 
half  of  the  ground  glass.  By  shifting 
the  lights  an  equality  of  illumination 
was  obtained  on  the  two  halves  of 
the  ground  glass,  and  the  candle- 
power  was  read  off  on  a  scale.  The  art 
of  photometry  consisted  in  judging 
when  equality  was  reached — a  diffi- 
culty which  A¥as  increased  owing  to 
the  fact  that  the  light  from  some 
lamps  was  redder  than  in  the  case  of 
others  ;  for  instance,  the  Fleming 
standard  was  redder  than  a  metal 
filament  lamp. 

Dealing  yxiih.  the  question  of  standards 
the  President  mentioned  that  the 
Hefner  candle  was  the  unit  of  light 
in  use  in  Germany  ;  the  intensity  of 
this  in  relation  to  the  English  candle 
was  in  the  proportion  of  9  to  10.  As 
a  standard  the  English  candle " 
was  found  to  be  too  unreHable.  and 
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had  been  abandoned  a  long  time  ago. 
Various  suggestions  had  been  made 
regarding  the  replacement  of  this 
"  standard  "  by  something  more  accu- 
rate, and  the  best  of  them  so  far  was 
the  Harcourt  pentane  lamp,  which 
had  now  received  wide  recognition, 
and  had  been  officially  adopted  by  the 
gas  referees. 

The  President  then  went  on  to 
describe  briefly  a  number  of  other 
photometers  such  as  the  Ritchie  wedge* 
and  the  Rumford  shadow  instrument.! 
The  latter,  he  said,  answered  very  well, 
as  long  as  all  extraneous  light  was  shut 
off  and  the  illuminated  surface  was 
viewed  against  a  dark  background.  The 
two  shadows  should  also  be  adjusted 
so  as  just  to  touch  each  other  and  not 
to  overlap. 

Another  piece  of  apparatus  exhibited 
was  the  type  of  grid  photometerj  due 
to  Mr.  Trotter.  In  this  instrument 
one  inclined  white  surface  was  looked  at 
through  slits  in  another,  balance  being 
obtained  when  the  central  slits  appa- 
rently disappeared. 

Another  very  excellent  photometer, 
much  better  than  many  in  use  at  the 
present  day,  consisted  of  a  couple  of 
blocks  of  paraffin  wax  with  a  tinfoil  or 
silver  -  foil  partition  between  them, 
making  an  opaque  division. §  Each  of 
the  halves  lighted  up  according  to 
the  amount  of  light  thrown  upon  it 
and  it  was  thus  possible  to  find  a  posi- 
tion in  which  the  two  sides  appeared 
equally  bright. 

Turning  next  to  the  grease  spot 
photometer,  |;  the  President  recom- 
mended that  such  instruments  should 
not  be  made  of  spots  of  grease.  The 
best  method  was  to  take  a  piece  of  thin 
paper  and  place  it  between  two  pieces 
of  cardboard,  each  pierced  with  a 
round  hole.  Like  every  other  grease 
spot,  however,  it  did  not  actually  dis- 
appear, and  one's  object  should  be  to 
try  and  place  the  screen  in  such  a 
position  that  on  looking  on  holh  sides 
at  once  by  means  of  mirrors,  the  contrast 

*  lUnminalin'j  Engineer,  vol.  ii.  19(H),  p.  7. 
T  lllnminalhi'f  Miif/hirar,  vol.  i.  UK)S,  ]>  SS?. 
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between  the  spot  and  its  surroundings 
appeared  the  same  in  each  case. 
Personally,  he  did  not  like  the  grease 
spot  screen,  but  there  was  one  piece 
of  apparatus  which  represented  a 
beautiful  and  successful  optical  attempt 
to  create  the  qualities  of  an  ideal 
Bunsen  grease  spot.  This  was  known 
as  the  Lummer-Brodhun  photometer, 
by  the  aid  of  which  a  much  more  perfect 
idea  of  equality  could  be  obtained. 

Finally,  the  President  referred  to  the 
Flicker  photometer,  which  was  sup- 
posed to  be — he  did  not  say  it  was — 
more  satisfactory  than  any  other  in 
dealing  with  lights  which  were  not  of 
the  same  colour.  He  exhibited  a 
model  device  in  which  any  want  of 
equality  of  the  two  lights  was  shown 
by  a  flicker  on  an  exposed  piece  of 
ground  glass. 

Prof.  A.  G.  Yernon-Harcourt  said 
that  the  comparison  of  lights  of  various 
colours  had  been  attempted  in  different 
ways.  One  plan  of  Sir  William  Abney's 
which  gave  Very  good  results,  depended 
on  a  rapid  movement  of  the  disk- 
holder,  corresponding  to  some  extent 
with  the  flicker  photometer ;  by  present- 
ing at  short  intervals  the  bluer  light  and 
the  redder  light  it  was  possible  to  form  a 
judgment  of  the  relative  luminosity  of 
the  two  sides,  much  better  than  could 
be  formed  by  a  gradual  adjustment  of 
the  distances.  He  had  tried  various 
methods,  and  that  which  he  had  found 
to  be  the  best  was  the  Leeson  disc, 
which  was  in  use  forty  years  ago. 
It  was  better  than  the  grease  spot  or 
plain  disk,  and  consisted  of  two  sur- 
faces of  the  same  translucent  paper 
with  a  piece  of  opaque  paper  in  between 
in  which  a  hole  was  cut.  This  hole 
was  cut  of  a  star  shape,  with  very 
deep  serrated  edges.  Some  years  ago 
he  was  asked  by  the  Board  of  Trade 
to  assist  in  estimating  the  amount  of 
light  given  by  lighthouses  with  different 
illuminants.  There  were  three  ex- 
p(Timental  lighthouses  set  up  on  the 
South  Foreland.  One  aontained  an 
oil  lamp  of  the  Argand  type  vvitli  many 
C(mcentric  wicks,  another  used  a  similar 
gas  burner  fed  with  gas  made  from  oil, 
and  in  the  third  was  an  electric  arc.  For 
the  measurement  of  these  lights  there 
were  set  up  huts  at  different  distances. 


MEASUREMENT  OF  LIGHT  AND  ILLUMINATION. 


229 


The  lighthouses  were  placed  in  a 
straight  line,  about  30  or  40  yards 
from  each  other,  and  along  a  line 
perpendicular  to  this  were  stationed 
huts,  half  a  mile,  a  mile,  and  two  miles 
away.  For  the  purpose  of  measurement 
a  one-candle  flame-lamp  was  used  at 
a  distance  of  about  the  width  of  the 
hut,  which  was  10  or  12  ft.,  while 
the  beams  from  the  lighthouses  were 
directed  through  an  open  window  upon 
the  photoped  of  the  photometer.  The 
lights  were  very  different  in  colour  from 
the  one-candle  flame,  especially  the 
arc  light,  which  threatened  to  cause 
difficulty  in  the  measurements.  But 
the  faintness  of  the  illumination  greatly 
lessened  the  difficulty.  Many  of  those 
present  must  have  observed  that  when 
walking  through  a  garden  in  the  dusk, 
while  the  forms  of  leaves  and  flowers 
were  still  discernible,  differences  of 
colour  had  almost  disappeared,  and  the 
leaves  and  petals  of  the  scarlet  geranium 
seemed  much  alike. 

For  the  measurement  of  illuminants 
not  through  lenses  and  at  less  distances 
the  star  disc,  placed  in  a  movable 
holder,  was  used.  In  order  to  ascer- 
tain how  far  personal  judgment  could 
be  relied  upon  he  enlisted  the  services 
of  a  number  of  Trinity  House  men. 
They  knew  nothing  whatever  about 
photometry,  and  he  had  to  instruct 
them  what  to  do.  His  instruction  was 
that  they  would  see  on  one  side  a 
pale  blue  star  on  a  pink  background, 
and  on  the  other  side  a  pink  star  on  a 
pale  blue  background  ;  that  they  were 
not  to  think  of  difference  of  colour  or 
brightness,  but  to  move  the  holder 
backwards  and  forwards  until  they 
found  a  position  in  which  the  two 
stars  stood  out  with  the  least  distinct- 
ness on  their  respective  backgrounds. 
The  result  was  that  one  man  after 
another  gave  very  nearly  the  same 
reading,  the  observations  being  repeated 
many  times,  and  the  readings  being 
made  and  silently  recorded  by  another 
man. 

Dr.  J.  A.  Fleming,  F.R.S.,  dealing 
with  the  question  of  primary  and 
secondary  standards  of  light,  said  that, 
in  spite  of  the  large  amount  of  work 
that  had  been  done  on  this  subject 
he  thought  it  could  hardly  even  now 


be  considered  to  be  in  a  satisfactory 
condition.  At  the  present  time  there 
were  three  national  standards,  all 
flame  standards,  viz.,  the  Pentane, 
the  Hefner,  and  the  Bougie-decimale, 
or  Carcel.  A  considerable  amount  of 
labour  had  been  expended  in  deter- 
mining the  ratio  of  these  standards,  but 
they  all  laboured  under  the  disadvant- 
age that  their  light  varied  considerably 
with  atmospheric  pressure,  moisture, 
carbonic  acid,  and  other  conditions  of 
usage.  Hence  many  correcting  factors 
were  necessary.  Now  the  curious  fact 
was  that  none  of  these  variations  had 
been  noticed  until  electric  lamp  photo- 
metry had  been  carefully  established, 
and  it  had  been  found  necessary  to 
employ  standard  electric  glow-lamps 
such  as  his  (Dr.  Fleming's)  large  bulb 
electric  lamps  fco  determine  how  much 
a  flame  standard  such  as  the  Pentane 
was  affected  by  atmospheric  changes. 
Yet  when  this  was  done  the  electric 
glow-lamps  were  thrown  on  one  side, 
and  the  Pentane  declared  to  be  the 
standard  of  illumination. 

In  his  opinion  enough  consideration 
had  not  been  given  to  the  platinum 
standard  suggested  by  M.  Violle  as  a 
practical  standard  of  light.  It  was  true 
that  there  were  great  difficulties  con- 
nected with  its  use,  but  national 
physical  laboratories  existed  for  the 
purpose  of  dealing  with  difficult  experi- 
mental problems.  At  the  present  time, 
by  means  of  the  electric  induction 
furnace  a  mass  of  platinum  could  be 
heated  to  its  melting  point  far  more 
easily  than  by  the  oxyhydrogen  blow- 
pipe, and  it  seemed  to  him  that  the 
ideal  primary  standard  of  light  could 
only  be  realized  by  the  radiation  from 
a  unit  of  area  of  a  pure  metal  like 
platinum  at  its  melting  point.  He 
hoped  it  was  not  too  late  for  this 
matter  to  be  reconsidered  as  the  dis- 
advantages of  a  flame  standard  for  a 
primary  standard  of  light  were  very 
considerable. 

As  regards  secondary  standards  he 
ventured  to  think,  after  flfteen  years' 
experience  of  them,  that  no  better  t\^e 
existed  than  the  large  bulb  electric  glow- 
lamps  which  he  (Dr.  Fleming)  made 
kno^\Tl  in  1902  in  a  paper  read  to  the 
Institution  of  Electrical  Engineers.  One 
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of  these  standards  had  been  in  use  in  his 
own  laboratory  for  fifteen  years,  and 
there  was  no  evidence  that  in  that  time 
it  had  altered  its  candle-poM^er  corre- 
sponding to  a  standard  current  by  as 
much  as  half  of  1  per  cent.  These 
large  bulb  standards  had  been  re- 
peatedly compared  with  the  Reichs- 
anstalt,  and  with  our  National 
Physical  Laboratory  standards,  and 
no  evidence  of  any  permanent  variation 
had  been  found  in  them. 

He  thought  that  both  for  the  primary 
and  for  the  secondary  standards  of 
light  electric  incandescent  standards 
were  in  every  way  preferable  to  flame 
standards,  and  he  hoped  that  in  time  this 
might  come  to  be  the  official  opinion, 
and  that  the  influence  of  the  Illuminat- 
ing Engineering  Society  might  be 
exerted  in  this  direction.  By  so  doing 
it  might  be  possible  to  secure  a  single 
physical  primary  standard  of  light, 
accepted  as  the  international  standard, 
in  place  of  the  three  different  flame 
standards  now  in  use.  Such  an  inter- 
national standard  should  define  the 
international  candle  and  also  act  as  a 
primary  standard  of  light  with  which 
other  standards  could  be  compared, 
just  as  in  the  case  of  the  international 
electric  units  now  universally  accepted. 

Mr.  A.  P.  Trotter  said  that  he  would 
begin  with  the  first  of  the  queries 
which  had  been  suggested  for  discus- 
sion :  "  Are  the  courses  of  instruction 
and  experimental  facilities  at  technical 
colleges  and  scientific  institutions  for  the 
study  of  photometry  adequate,  and 
what  changes  are  desirable  in  the 
existing  methods  to  suit  modem  re- 
quirements ?  "  Some  two  and  a  half 
years  ago  he  had  begun  a  series  of 
articles  on  illumination,  and  in  pre- 
paring for  these  he  wished  to  acquaint 
himself  with  modern  practice,  and  had 
visited  the  photometric  test  rooms 
of  several  large  engineering  works,  of 
lamp  manufacturers,  and  of  the  labora- 
tories of  a  few  technical  colleges.  He 
was  amazed  at  the  antiquated  and 
limited  apparatus  which  he  found  at 
certain  teaching  laboratories.  The 
teaching  of  photometry  consisted  of 
two  different  parts,  the  science  and  the 
art.  The  former  could  be  learnt  by 
lectures  and  reading,  and  the  latter  by 


laboratory  work.  The  President  had 
alluded  to  this  distinction.  The  proper 
course  appeared  to  be,  in  this,  as  in 
other  subjects,  first  to  lay  a  sound 
foundation  of  science.  The  theory  was 
very  easy,  but  it  gave  large  scope  for 
mathematical  treatment  if  necessary. 
The  next  thing  was  to  learn  the  art  of 
using  the  apparatus  with  intelligence 
and  accuracy,  and  afterwards  it  might 
be  possible  to  earn  money  by  practising 
the  art. 

Photometry  seemed  to  him  to  be 
in  danger  of  falling  between  the  two 
stools  of  physics  and  of  engineering. 
He  held  that  the  teaching  of  engineering 
should  be  based  upon  physics,  and  that 
it  should  really  consist  of  specialized 
physics.  Even  as  a  branch  of  physics 
photometry  seemed  to  be  most  lament- 
ably treated.  He  knew  little  of  the 
courses  of  study  at  the  colleges,  he 
could  judge  mainly  from  the  apparatus 
in  the  laboratories  and  from  the  text- 
books. He  did  not  know  of  a  single 
text-book  in  the  English  language, 
including  even  the  translation  of  Palaz, 
and  Stine's  excellent  book,  in  which 
the  Bunsen  photometer  was  not  in- 
accurately described.  In  some  it  was 
accurately  described  also,  which  pro- 
duced confusion.  All  these  text-books 
ignored  the  use  of  proper  screens, 
which  was  a  vital  part  of  the  art  of 
photometry,  though  it  could  be  omitted 
in  the  scientific  treatment  of  the  sub- 
ject. The  apparatus  which  he  had 
found  in  teaching  laboratories  consisted 
either  of  old  Bunsen  photometers 
twenty  or  thirty  years  old,  suitable  in 
their  time  for  testing  gas,  or  they  went 
to  the  other  extreme,  and  only  had 
most  expensive  and  highly  accurate 
equipment,  suitable  for  research,  but 
unfitted  for  engineering  purposes.  Again 
in  nearly  all  laboratories  the  old- 
fashioned  method  of  fixing  a  standard 
lamp  at  one  end  of  a  bar,  the  lamp  to 
be  measured  at  the  other,  and  a  photo- 
meter moving  between,  was  used ; 
and  the  principle  of  a  working  lamp, 
and  the  substitution  method  in  which 
a  standard  was  placed  in  the  position 
to  be  occupied  by  the  lamp  to  be 
measured,  was  not  employed. 

He    believed    that    the  scientific 
principles   of  photometry  should  be 
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illustrated  by  simple  models  of  the 
historical  types,  and  he  exhibited  to 
the  meeting  a  set  of  such  models  com- 
prising two  kinds  of  Ritchie,  the 
Thompson-Starling,  the  Conroy,  the 
Bunsen,  and  the  slot  or  perforated 
screen  pattern.  With  some  of  these 
simple  home-made  models,  work  could 
be  done  with  a  precision  of  one-half  of 
one  per  cent. 


which  could  be  used  for  commercial 
purposes.  As  to  the  suggestion  of  fol- 
lowing up  the  work  of  Violle  and 
Petavel  this  was  contemplated,  but  he 
was  afraid  there  was  one  point  which 
ruled  out  the  possibility  or  the  use- 
fulness of  the  Violle  standard,  and  that 
was  the  colour,  even  supposing  it  were 
possible  to  reproduce  it  and  make  an 
accurate     standard    of    it.  Molten 
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Fig.  1.— 3-5  Watts  per  CP.  Standards 
compared  with  4  Watts  per  CP.  Standards. 
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Fig.  2.— 3-1  Watts  per  CP.  Standards 
compared  with  4  Watts  per  CP.  Standards. 


Diagrams  showing  the  results  of  the  photometric  comparison  by  four  observers  of  three  sets 
of  sub-standards  differing  from  each  other  in  efficiency.  Each  dot  represents  one  day's  observation 
on  a  lamp  by  one  observer.  The  numbers  of  the  lamps  are  given  in  the  left  hand  column,  and  the 
initials  of  the  observers  at  the  bottom  of  the  diagram  {Mr.  G.  C.  Paterson). 


Mr.  C  C.  Paterson  (National  Physical 
Laboratory)  speaking  in  reference  to 
Prof.  Fleming's  remarks,  thought  he 
had  run  down  the  pentane  standard 
rather  severely.  In  spite  of  certain 
drawbacks  it  was  serving  very  well 
at  the  present  time  as  a  standard.  It 
was  possible  with  care,  and  using  the 
lamp  in  the  right  way,  to  reproduce  the 
unit  of  candle-power  from  the  pentane 
standard  to  an  accuracy  of  plus  or  minus 
0*2  per  cent — probably  plus  or  minus 
0*1  per  cent.  They  at  the  National 
Physical  Laboratories  were  faced  with 
the  practical  q^uestion  of  getting  a  unit 


platinum,  as  far  as  could  be  seen,  gave 
a  very  red  light,  much  redder  than  the 
pentane  lamp,  and  he  thought  this 
must  rule  it  out. 

The  President :  Is  it  any  worse  than 
the  Hefner  ? 

Mr.  Paterson  said  it  appeared  to  be, 
although  he  had  not  yet  made  actual 
experiments,  and  the  Hefner  was  worse 
than  the  pentane.  With  regard  to 
Dr.  Fleming's  comparison  of  the  electric 
lamp  and  the  millimetre  scale,  it  was 
necessary  to  compare  the  scale  against 
something  absolute  to  make  sure  it 
was  correct.      In  the  same  way  the 
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electric  lamp  was  not  a  standard  until 
it  had  been  compared  against  some- 
thing absolute.  He  was  second  to 
none  in  his  admiration  of  the  usefulness 
of  the  electric  sub-standard,  but  its 
value  had  to  be  first  determined  in 
terms  of  some  other  standard. 

On  the  question  of  the  colour  problem, 
he  thought  that  this  was  a  physio- 
logical one.  Whether  it  was  due  to 
differences  in  the  sensitiveness  of  the 
retina  or  the  colour  of  the  pigment 
in  the  retina,  one  man  saw  red  brighter 
than  blue,  while  another  man  saw 
vice  versa.  Therefore,  surely  the  colour 
problem  must  be  based  fundamentally 
on  some  form  of  average  value,  i.e., 
they  must  get  an  "  eye  "  which  can 
be  considered  as  the  "  average  eye." 
He  did  not  know  how  this  could  be 
done  on  a  really  wide  scale,  but  he 
had  initiated  an  investigation  with  the 
object  of  seeing  where  we  stood  in  the 
matter.  He  had  taken  a  number  of 
sets  of  electric  sub-standards,  each  set 
differing  slightly  from  the  next  in  the 
colour  of  the  light  emitted.  Starting 
from  4  or  4*5  watts  per  candle  the  sets 
of  sub -standards  went  in  steps  of  about 
0*5  watts  per  candle  down  to  1'5. 
Each  colour  difference  interval  was 
very  slight,  and  it  was  possible  for  each 
observer  to  obtain  an  accurate  value 
of  any  set  in  terms  of  the  one  before, 
and  so  determine  by  a  "  cascade " 
method,  the  equivalent  of  the  pentane 
unit  in  a  much  whiter  light.  There 
were  five  or  six  observers  on  the  work, 
all  of  whom  had  normal  sight  by  the 
ordinary  colour  tests.  He  was  not 
able  to  say  as  yet  what  order  of  agree- 
ment would  obtain  between  the  various 
observers,  but  the  method  promised 
well,  and  was  giving  valuable  informa- 
tion as  to  the  accuracy  obtainable  with 
various  degrees  of  colour  difference. 
It  appeared  to  him  that  if  there  were 
observers  comparing  lamps  in  this  way 
at  the  National  Laboratories  in  Europe 
and  America  it  might  be  possible 
from  the  average  result  to  achieve  an 
accurate  determination  of  whiter  light 
in  terms  of  say  the  Pentane  and  Hefner 
units,  and  so  put  tlic  question  of  high 
efficiency  sub-standards  on  a  satis- 
factory basis.  It  should  also  prove 
of  value  in  supplying  standards  for  use 


in  the  testing  of  gas  mantles,  arc- 
lamps,  and  other  high  efficiency  sources 
where  the  colour  difference  was  at  pre- 
sent a  difficulty.  The  speaker  illus- 
trated his  remarks  by  two  slides  show- 
ing the  kind  of  results  which  were  being 
obtained  in  the  investigation  (seep.  231). 

Dr.  W.  E.  Sumpner  spoke  on  the 
question  of  the  best  method  of  obtaining 
mean  spherical  candle-power. 

The  question  divided  itself  in  two 
parts,  viz.,  the  testing  of  glow-lamps,  and 
the  testing  of  arc -lamps.  In  relation 
to  these  the  general  law  of  distribution 
of  light  had  been  worked  out  theo- 
retically by  Dr.  Fleming  for  the  glow- 
lamp,  and  by  Mr.  Trotter  for  the  arc- 
lamp,  but  practically  it  was  a  difficult 
and  tedious  matter  to  get  the  actual 
mean  spherical  candle-power.  It  was 
comparatively  easy  in  relation  to  glow- 
lamps  and  he  thought  the  best  way  to 
define  the  candle-power  of  a  glow- 
lamp  was  by  its  candle-power  in  the 
direction  at  right  angles  to  the  filament. 
This  test  was  easy  to  make,  and  from 
the  value  obtained  it  was  easy  to 
deduce  the  spherical  candle-power  by 
multiplying  by  a  factor,  about  0*8, 
which  was  almost  the  same  for  all  glow- 
lamps. 

As  regards  the  light  of  arc-lamps 
it  was  a  different  matter  altogether. 
Here  they  had  to  deal  with  a  dis- 
tribution which  varied  in  a  very  com- 
plicated sort  of  way,  and  also  they 
had  to  measure  a  quantity  which  was 
not  constant  in  itself.  There  were  very 
few  arc-lamps  that  were  constant  for 
more  than  a  second,  and  although 
elaborate  methods  had  been  devised 
for  measuring  the  candle-power  of  arc- 
lamps  in  different  directions,  he  did  not 
think  many  people  actually  worked 
them  out,  because  the  process  was 
tedious  and  complicated,  and  the  result 
rarely  if  ever  accurate.  He  himself 
had  tried  to  get  the  mean  spherical 
candle-power  some  years  ago  by  a 
method  analogous  to  that  of  the 
Ulbricht  globe.  This  was  a  large 
globe  with  a  white  internal  surface, 
and  by  its  use  it  was  possible  to  get 
the  mean  spherical  candle-power  from 
a  single  test.  But  he  saw  no  particular 
need  for  the  elaborateness  of  this 
globe.    At  all  events,  before  he  heard 
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of  this  method  he  had  tried  a  similar 
one. 

In  all  these  photometers  they  utilized 
the  principle  of  light  being  reflected 
from  a  white  matt  surface.  There 
was  no  reason  why  this  principle 
should  not  be  used  twice  over  in  a 
photometric  test.  He  had  used  it 
previously,  not  like  Ulbricht  by  sur- 
rounding the  light  with  a  globe,  but  in 
a  simpler  manner  by  means  of  a  surface 
of  white  drawing  paper,  which  gave  a 
diffused  light,  and  which  was  used  in 
such  a  way  that  the  light  received 
from  that  paper  in  the  photometer 
was  a  measure  of  the  mean  spherical 
candle-power  of  the  arc -lamp.  In  a 
photometer  room  with  black  walls  he 
had  the  arc  lamp  placed  at  a  certain 
height  above  the  floor,  and  at  a  fixed 
distance  from  a  vertical  strip  of  paper. 
The  width  of  this  strip  varied  with  the 
height,  and  was  so  shaped  and  fixed 
in  reference  to  the  arc  that  each  hori- 
zontal element  of  the  sheet  added  to 
the  light  sent  to  the  photometer  the 
proper  proportion  to  make  the  total 
light  received  a  measure  of  the  mean 
spherical  candle-power.  The  proper 
shape  for  the  paper  sheet  was  in- 
dependent of  the  polar  distribution 
of  the  light  tested  and  merely  depended 
on  the  position  of  the  arc  with  refer- 
ence id.  the  sheet  and  on  the  line  of  the 
photometer  bench.  The  idea  was  to 
alter  the  width  of  the  sheet  at  different 
heights  to  compensate  for  the  more  or 
less  favourable  positions  of  different 
parts  of  the  sheet.  The  object  was 
to  get  an  easy  method  employing 
simply  a  sheet  of  white  paper  cut  in  a 
special  way  once  for  all,  and  placed  in 
fixed  relation  to  the  arc-lamp  and  the 
photometer  bench.  He  managed  to 
get  good  results  in  spite  of  certain 
difficulties.  Perhaps  some  simple  modi- 
fication of  it  would  suggest  itself  to 
others.  The  determination  of  mean 
spherical  candle-power  was  important 
but  if  it  was  to  be  done  commercially  it 
must  be  done  by  a  single  test. 

Mr.  W.  J.  Liberty  (Lighting  In- 
spector to  the  Corporation  of  London) 
said  that  he  was  one  of  those  who  was 
looking  forward  with  great  interest 
to  the  prospects  of  international 
standardization   in    photometry  just 


as  we  had  already  taken  an  important 
step  toward  the  International  Unit 
of  Light  ;  he  hoped  that  we  might 
soon  have  one  single  standard,  and  no 
longer  the  "  Pentane "  standard  for 
Great  Britain  and  America,  the 
"  Hefner "  for  Germany,  and  the 
Carcel  or  Bougie  Decimale  for  France. 
At  present  there  was  a  tendency  for  an 
authority  to  cast  doubt  on  the  results  of 
every  other  observer  merely  because 
he  used  a  type  of  instrument  which 
commended  itself  to  him  personally, 
and  he  thought  that  a  different  con- 
clusion might  have  been  arrived  at, 
had  a  different  photometer  been  used. 

Mr.  Liberty  added  that  he  thought 
one  of  the  best  types  of  photometers 
was  undoubtedly  the  flicker,  because 
it  could  be  worked  without  the  question 
of  colour  proving  so  troublesome  ;  he 
was  awaiting  with  interest  the  result 
of  researches  on  this  question  at  the 
National  Physical  Laboratory.  In  any 
case  he  thought  that  if  the  Illuminat- 
ing Engineering  Society  could  succeed 
in  bringing  people  together,  and  in 
getting  an  agreement  on  a  common 
method  of  testing  that  would  com- 
mend itself  to  all  parties,  they  would 
have  done  a  magnificent  piece  of  work. 

Prof.  J.  T.  Morris  said  that,  after 
having  had  prolonged  experience  with 
the  grease  spot,  flicker,  Lummer  Brod- 
hun,  and  other  photometers,  he  had 
come  to  the  conclusion  that  the  grease 
spot  instrument  was  remarkably  satis- 
factory ;  at  any  rate  he  could  secure 
as  good  results  with  it  as  with  the 
Lummer  Brodhun  instrument.  Of 
course  the  grease  spot  must  be  really 
well  made  ;  in  some  cases  as  many  as 
one  to  two  dozen  trials  would  have 
to  be  made  before  a  spot  was  obtained 
yielding  high  sensitiveness  in  the  photo- 
meter. He  preferred  a  small  spot, 
secured  by  allowing  a  single  drop  of 
candle  grease  to  fall  on  a  sheet  of  paper 
of  suitable  quality,  the  surplus  grease 
being  peeled  off  while  still  hot,  and  the 
opposite  side  of  the  paper  then  being 
slightly  heated  over  a  bunsen  burner. 
A  screen  made  in  this  way  was  quite 
as  sensitive  as  a  Lummer  Brodhun 
photometer,  and  much  less  expensive. 

Regarding  the  testing  of  high  power 
lamps,  he  had  some  diagrams  of  the 
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polar  curves  of  incandescent  gas  and 
electric  lamps,  showing  the  amount  of 
variation  found  in  the  candle-power 
at  different  angles  taken  at  different 
times  as  determined  by  him  in  1908.* 
It  was  of  little  use  to  measure  the 
candle-power  in  different  directions, 
and  then,  having  done  so,  take  out  the 
results.    One  had  to  make  a  number 


lamp  as  far  as  rapid  changes  were 
concerned.  Next  he  showed  a  series 
of  observations  with  an  ordinary  hand 
feed  arc-lamp.  From  these  results, 
and  a  number  of  others,  he  was  con- 
vinced that  he  could  obtain  the  candle- 
power  of  such  a  lamp  to  within  3  per 
cent  from  each  test.  Flame  carbons 
(hand  fed),  were  not  capable  of  giving 


Fig.  1— General  View  of  Arc-lamp.   Testing  Arrangement. 


of  observations  and  take  the  mean  of 
them. 

Prof.  Morris  showed  a  number  of 
curves  of  light -distribution  of  different 
lamps.  One  of  tlicm  was  for  the  Keith 
high-pressure  inverted  gas  lamp.  In 
relation  to  it  he  said  that  his  experi- 
ence with  these  lamps  was  that  the 
intensity  of  the  ])eam  was  conHid(5ral)ly 
Bteadier  than  that  of  the  electric  arc 

*  See  The  Illvminnt'mq  Kny'ncer,  Lond., 
Vol.  I.,  1908,  pp.  027,  719/871. 


such  constancy  of  results,  as  could  be 
seen  by  the  way  in  which  the  observa- 
tions were  peppered  about  on  the 
diagram.  There  was  still  further  diffi- 
culty with  complete  lamps  which 
contained  feeding  mechanism. 

Prof.  Morris  tlien  showed  a  series  of 
illustrations  of  the  apparatus  he  had 
em})l()ye(l  for  tliis  purpose  at  the  East 
London  College  (see  Figs.  1  to  5)  made  by 
Mr.  E.  T.  Cook.  It  consisted  essentially 
of  a  pair  of  plane  oval-shaped  mirrors 
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in  symmetrical  positions  which  could 
be  rotated  on  the  same  axis,  and  which 
reflected  their  beams  of  light  on  to  the 
photometer  screen.  The  photometer 
thus  received  light  from  the  two  images 
but  the  direct  rays  of  light  from  the 


Fig.  2. — View  from  Photometer  (with  screen 
cutting  off  direct  rays  from  arc  removed). 


Fig.  4.— View  from  Photometer,  arc  burning, 
angle  0^, 

arc  were  screened.  By  this  means 
considerably  greater  accuracy  could  be 
obtained.  Two  advantages  arose  from 
this  arrangement  ;  firstly,  the  arc  lamp 
was  fixed  in  position  throughout  the 
test,  and  its  effective  distance  from  the 
photometer  remained  unaltered,  and 
secondly,  by  measuring  the  sum  of 


two  beams,  taken  from  opposite  sides 
of  the  lamp,  one  secured  a  more  accu- 
rate and  uniform  result. 

Mr.  J.  S.  Dow  then  proceeded  to 
read  out  abstracts  of  the  communica- 
tions from  foreign  members  of  the 


Fig.  3.— View  from  Photometer,  arc  burning 
angle  40°  above. 


Yic,,  5 —View  from  Photometer,  arc  burning, 
angle  40^  below. 

Society,  which  will  be  found  in  extenso 
on  pages  238-247  in  this  number. 

Dr.  Clayton  Sharp,  he  said,  had  laid 
stress  on  the  value  of  the  globe  photo- 
meter. The  Ulbricht  globe  was  thought 
to  be  specially  serviceable  for  measuring 
the  absorption  of  globes,  to  which  Prof. 
J.  T.  Morris  had  just  alluded.    In  the 
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case  of  such  arc-lamps  as  were  inclined 
to  give  an  unsteady  light,  it  might  be 
found  of  special  value,  since  the  total 
flux  of  light  would  probably  be 
found  to  vary  much  less  than  the  rays 
in  any  particular  direction.  In  addi- 
tion it  was,  of  course,  a  great  simplifica- 
tion to  obtain  the  required  result  from 
a  single  reading  instead  of  having  to 
redetermine  the  polar  curve  of  light- 
distribution  for  each  globe  or  reflector 
tested. 

Turning  to  Query  No.  1,  Mr.  Dow 
said  that  he  thought  that  the  photo - 
metrical  equipment  at  many  technical 
institutions  and  colleges  was  out  of 
date,  and  such  instruments  as  the 
Ulbricht  globe,  which  formed  a  regular 
feature  in  many  institutions  in 
Germany,  seem  to  have  received  very 
little  attention  in  technical  colleges 
in  this  country.  There  was  also  a 
tendency  to  allow  the  courses  of  ex- 
periments on  this  subject  to  be  of  a 
more  or  less  academic  character,  and 
to  deal  only  with  photometrical  ques- 
tions. Very  little  had  yet  been  done 
in  providing  courses  on  general  pro- 
blems of  illumination  ;  these  defects, 
however,  would  probably  be  remedied 
as  the  practical  bearings  of  the  subject 
came  to  be  better  realized. 

Mr.  Dow  then  referred  to  the  question 
of  the  sensitiveness  of  photometers. 
As  Dr.  K.  Stockhausen  had  pointed  out, 
there  did  seem  to  be  a  surprising  diverg- 
ence between  the  results  given  by  diffe- 
rent authorities.  It  was  necessary  to 
decide  on  exactly  what  basis  the  sensi- 
tiveness of  different  instruments  should 
be  compared.  It  was  not  much  use 
merely  to  take  the  mean  of  a  number  of 
readings,  and  to  note  how  nearly  such 
mean  results  could  be  reproduced ; 
this  would  naturally  yield  much  the 
same  result,  whatever  instrument  was 
used.  A  better  method  was  to  observe 
the  mean  deviation  between  individual 
readings.  But  probably  the  best 
method  of  procedure  was  as  follows. 

The  photometer  was  gradually  moved 
to  such  a  position  that  it  was  just  out 
of  balance  on  the  riglit  and  the  reading 
noted.  The  corresponding  limit  on 
the  other  side  of  balance  was  next 
()bserved.  Half  the  change  in  intensity 
oi  illumination  corresponding  to  this 


range  could  then  be  taken  as  the 
smallest  percentage  change  of  illu- 
mination which  the  eye  could  detect 
with  that  instrument.  Even  to  this 
method  objections  might  be  raised. 
For  example,  when  oscillating  the 
photometer  and  obtaining  balance  in 
the  ordinary  way,  one  probably  recog- 
nized smaller  changes  than  when  a 
gradual  movement  was  used.  In 
addition  the  inertia  of  the  carriage 
on  which  the  photometer  was  mounted 
might  have  an  influence  on  the  result. 
But  for  relative  results  the  method 
seemed  a  good  one. 

It  was  important  to  recognize  that 
there  was  no  real  reason  why  we  should 
not    very    greatly   improve  existing 
results.    Physiologists,    it    was  true, 
had  in  the  past  given  certain  figures  in 
the  neighbourhood  of  1  per  cent  as  the 
limit ;   but  such  determinations  were 
merely  the  results  of  observation  with 
apparatus  which  might  now  be  bettered. 
Mr.  Dow  added  that  he  himself  could 
(with  lights  of  the  same  colour)  under 
the  best  conditions,  detect  a  change 
of  illumination  of  about  0*7  to  1  per 
cent.    This  meant  that  when  working 
about  the  middle  of  a  2  metre  bench  the 
photometer  would  be  kept  within  a 
range  of  about  2*8  to  4  millimetres 
on  either  side  of  zero.    Of  course  the 
means  of  the  series  of  readings  could 
probably  be  repeated  very  much  closer, 
and  several  authorities  in  Germany 
and  the  United  States  had  suggested 
that,  as  far  as  the  sensitiveness  of  the 
photometer  was  concerned,  reproduc- 
tion of  readings  within  one-fifth  and 
even   one-tenth  per  cent   might  be 
possible.    However,  this  was  a  matter 
which   depended   much   on  personal 
peculiarities,  and  any  general  conclu- 
sions must  be  based  not  only  on  a 
large  number  of  readings,  but  also  on 
the  examination  of  a  large  number  of 
observers. 

Mr.  Dow  then  referred  to  a  table 
illustrating  the  contradictory  conclu- 
sions reached  by  various  authorities 
some  of  whom  had  used  different 
methods  of  expressing  the  result. 

It  must  also  be  recognized  that  the 
sensitiveness  of  the  photometer  depends 
on  the  illumination  of  the  photometer 
screen.    The  speaker  had  carried  out  a 
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Table  I.— SOME  RESULTS  BEARING  ON  THE  RELATIVE  SENSITIVENESS  OP 
DIFFERENT  TYPES  OF  PHOTOMETERS. 
Percentage  Change  in  Illumination  Perceived  by  the  Eye. 
(Wild,  Electrician,  November  8th,  1907.) 


Type  of  Photometer. 

Carbon  lamps  of 
same  inefficiency. 

Carbon  and 
Osram. 

Pentane  and  I  net. 
Gas. 

Per  cent. 

Per  cent. 

Per  cent. 

Ritchie  Wedge   

1-2 

2-5 

41 

Joly  Prism   

1-25 

2-4 

4-1.5 

Lummer  Brodhun   

0-35 

1-75 

4-0 

Bunsen,  single  

0-6 

1-8 

4-35 

„  double  

0-75 

2-5 

49 

„     special  single   

0-2 

1-6 

.8-9 

„     special  double   

0-5 

2-25 

45 

Trotter  (badly  made)   

1-75 

31 

5-7.5 

„     (carefully  cut)   

Simmance  Abady  Flicker  

0-4 

2-1 

4-8 

0-85 

0-9 

1-05 

Wild  Flicker   

0-4 

0-4 

0-5 

NETHERLANDS  GAS  COMMISSION  (Stine,  Phot.  Measurements,  p.  100). 
The  average  setting  of  the  following  instruments  departed  from  the  mean  by  :— 

Bunsen  Photometer  ±  0  08  per  cent 

„  ,,        with  reflecting  prisms   ±  0  25  „ 

Foucoult  Photometer  ±  0  32  „ 

Lummer  Brodhun  Photometer   ±  0  52  „ 

A.  E.  KENELLY  (Nat.  Elec.  Light  Assoc.,  Chicago,  1908). 
Mean  Probable  Error,  for  a  single  balance  : — 

Grease  Spot    1*52  per  cent 

Lummer  Brodhun,  Equality   0  78  „ 

„  Contrast   046  „ 
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ILLUMINATION  OF  PHOTOMETER-SCREEN,  IN  LUX. 
Fig.  1.— Showing  Sensitiveness  of  Lummer-Brodhun  Photometer  with  varying  illumination  of 
Photometer-screen.    When  the  illumination  is  increased  to  50  or  100  lux,  the  curve  falls 
very  gradually,  to  about  0*7  per  cent. 
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number  of  researches  with  a  contrast 
Lummer  Brodhun  photometer  on  this 
point  (see  Fig.  1).  The  curves  shown 
represented  the  mean  of  hundreds  of 
observations  extending  over  several 
weeks,  and  carried  out  at  the  Davy 
Faraday  Research  Laboratory  in  1907. 
^¥hen  an  illumination  of  about  10  lux 
was  reached  any  further  increase  in 
illumination,  even  up  to  100  or  more 
lux,  only  led  to  a  very  small  improve- 
ment in  accuracy.  It  would  also  be 
noted  that  (for  a  given  apparent  bright- 
ness) practically  the  same  results  were 
obtained  with  red,  green,  and  white 
light.  This  experiment  probably  repre- 
sented the  ordinary  conditions  of  photo- 
metry. Koenig  and  Brodhun  had  made 
researches  on  this  point  of  a  very  careful 
and  exhaustive  character. 

Their  results,  rightly  interpreted, 
were  in  good  agreement  with  this  curve. 
In  their  case,  however,  an  artificial 
pupil  orifice  was  used,  and  therefore 
the  bend  in  the  curve  occurred  at  what 
they  termed  a  higher  order  of  illu- 
mination. 

Ml?.  Dow  then  exhibited  an  ex- 
periment showing  the  differences  in 
acuteness  of  vision  by  red  and  blue 
light.  A  box  was  divided  into  two 
portions  illuminated  respectively  by  a 
glow-lamp  placed  above  the  sheet  of 
red  glass,  and  a  mercury  vapour  lamp 
screened  by  blue  glass.  Various  quali- 
ties of  detail  were  placed  so  as  to  be 
illuminated  by  the  two  lights,  and  it 
was  then  seen  that  the  outlines  on 
which  the  red  light  fell  were  much  the 
sharper  of  the  two,  although  the 
brightness  was  somewhat  greater  in  the 
case  of  the  blue.*  This  seemed  to 
suggest  that  the  detail -revealing  power 
of  an  illuminant  ought  not  to  be  con- 

*  Illuminating  Engineer,  Lond.,  April,  1909. 


fused  with  its  "  power  of  creating  bright- 
ness "  ;  a  test  of  the  former  might  be 
valuable,  but  it  was  certainly  quite 
distinct  from  ordinary  photometry. 

In  conclusion,  Mr.  Dow  wished  to 
express  his  indebtedness  to  the  courtesy 
of  Prof.  T.  Mather,  F.R.S.,  for  sanction- 
ing the  loan  of  apparatus  from  the 
Central  Technical  College.   

Mr.  L.  Wild  enquired  whether  a 
globe  photometer  in  the  form  of  a 
square  or  cubical  box  would  answer  the 
purpose.  Or  was  it  essential  that  the 
shape  should  be  spherical  ?  A  cubical 
box  would  certainly  be  much  simpler 
and  easier  to  make. 

The  President,  in  closing  the  dis- 
cussion, said  that  it  was  evident  that 
the  subject  under  discussion  was  very 
much  too  large  to  be  covered  in  a 
single  evening.  The  Society  had  before 
it  an  enormous — he  would  not  say  un- 
explored— field ;  it  was,  however,  a  field 
which  had  been  left  largely  unworked 
by  other  societies.  In  bringing  out  so 
many  points  on  which  further  know- 
ledge was  needed  the  Society  was  fully 
justifying  its  existence,  if  ever  a  society 
did.  He  thought  it  would  be  recog- 
nized, also,  that  the  Society  was  acting 
wisely  in  devoting  its  first  session  to 
general  discussions  of  this  kind.  .  No 
doubt  in  the  next  and  future  sessions, 
there  would  be  many  opportunities  of 
dealing  with  subjects  in  detail  and 
presenting  papers  on  specific  points. 
There  would  certainly  be  plenty  of 
matter  for  discussion. 

The  President  then  proceeded  to 
announce  that  the  discussion  would  be 
resumed  at  the  next  meeting  of  the 
Society,  when  the  more  practical  appli- 
cations of  the  subject  would  be  dealt 
with.* 


*  As  announced  on  p.  220,  the  date  of  the  next 
meeting  is  Thursday,  April  14,  1910. 


The  Measurement  of  Light  and  Illumination. 
Communications  from  Corresponding  Members. 

Dr.  K.  Stockhausen,  Dresden. 

Query  1. — My  experiences  are  natur-  eciuipment  of  which  I  am  unfamiliar, 

ally  confined  to  Germany,  and  in  addi-  In  general,  however,  it  can  be  said  that 

tion  I  must  state  that  there  are  a  the   study   of   illumination   has  not 

number  of  technical  colleges  with  the  received  tfie  attention  which  its  im- 
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portance  warrants,  at  many  of  our 
technical  institutions.  In  some  cases 
adequate  photometrical  apparatus  is 
provided  for  the  measurement  of  electric 
sources  of  light,  or  for  gas  lighting,  &c. 
But  there  is  scarcely  a  single  institu- 
tion, possibly  excluding  the  Hochschule 
in  Charlottenburg,  provided  with  appa- 
ratus enabling  students  to  test  all  kinds 
of  sources  of  light.  It  is  still  more 
exceptional  to  find  experimental  appa- 
ratus available  for  researches  on  general 
problems  of  illumination,  apart  from 
tests  of  a  purely  photometrical  cha- 
racter. But  this  defect  has  come  to  be 
realized  by  authorities  of  recent  years, 
and  probably  in  a  short  time  all  the 
German  technical  institutions  will  be 
provided  wdth  excellent  apparatus 
for  carrying  out  photometrical  re- 
searches. 

In  considering  studies  of  this  nature, 
it  is  particularly  desirable  to  insist 
that  researches  should  not  be  only  of 
a  purely  scientific  character,  and  that 
workers  at  the  technical  institutions  and 
colleges  should  be  in  constant  intercourse 
with  those  connected  with  the  practical 
side  of  the  subject.  This  is  not  only 
in  the  interest  of  the  students  them- 
selves, but  also  in  order  to  lead  to  the 
extension  of  interest  and  acquaintance 
with  this  question  among  the  general 
public.  A  knowledge  of  the  correct 
principles  of  illumination  is  of  very 
general  value.  There  can  be  no  ques- 
tion that  students  of  architecture, 
electrical  and  gas  engineers,  inspectors 
of  factories  and  works  managers,  are 
at  present  often  not  afforded  the 
facilities  for  the  necessary  knowledge 
on  these  subjects,  though  it  would  be 
of  considerable  value  to  them.  In 
addition  it  seems  to  me  unquestionable 
that  there  are  a  number  of  practical 
problems  in  connexion  with  illumina- 
tion which  call  for  careful  scientific 
study  and  the  solution  of  which  would 
be  of  great  benefit  to  the  general  public. 
Such  questions  should  be  referred  to 
the  large  state-maintained  scientific 
institutions,  which  possess  exceptional 
apparatus  and  facilities  for  such  study. 
Anything  that  the  Illuminating  Engin- 
eering Society  can  do  in  the  way  of 
calling  attention  to  this  ijeed  will  be 
of  inestimable  benefit. 


Query  2. — There  are  special  points 
in  connexion  with  tests  of  the  sensitive- 
ness of  photometers,  and  the  influence 
on  such  tests  of  personal  peculiarities 
of  the  observer,  which  seem  to  me  to 
require  attention. 

(a)  In  the  case  of  most  photometric 
instruments  there  is  no  proper  arrange- 
ment provided  to  screen  the  eye  from 
stray  light  entering  it  from  the  side. 
Now  oculists  have  established  the  fact 
that  light  entering  the  eye  in  this  way 
may  be  responsible  for  a  considerable 
diminution  in  visual  acuity — perhaps 
in  some  circumstances  as  much  as 
50  per  cent.  When  the  lights  tested 
are  rich  in  ultra-violet  rays,  such  as 
may  lead  to  fluorescence  of  the  lens, 
these  disturbances  of  vision  tend  to  be 
accentuated.  In  such  cases  it  is  the 
light  which  enters  the  eye  at  a  small 
"  angle  of  glare,"  which  is  most  in- 
fluential. By  this  term  "  angle  of 
glare  "  we  understand  the  angle  between 
the  normal  direction  of  vision  and  the 
line  joining  the  offending  source  of 
light  (for  example,  the  sources  of  light 
compared  or  light  reflected  from  the 
curtains  or  photometrical  accessories) 
to  the  eye.  But  even  when  the  angle 
of  glare  is  as  much  as  90  degrees  a 
powerful  light  visible  out  of  the  tail  of 
the  eye  can  cause  a  reduction  of  visual 
acuity  of  25  per  cent.  Light  received 
obliquely  by  the  eye  is  not  so  disturbing 
when  the  surroundings  are  also  brightly 
illuminated,  but  becomes  correspond- 
ingly more  trying  as  the  background 
against  which  the  offending  source  is 
seen  becomes  more  sombre.  Moreover, 
the  actual  field  of  view  of  the  photo- 
meter usually  possesses  a  relatively 
slight  degree  of  brightness.  Yet  the 
process  of  judging  balance,  especiall}^ 
in  the  case  of  instruments  of  the  "  con- 
trast type,"  makes  considerable  de- 
mands upon  the  acuteness  of  vision. 
Stray  light  entering  the  eye  may 
therefore  cause  a  distinct  diminution 
in  visual  acuity,  and  therefore  also 
reduce  the  sensitiveness  of  the  photo- 
meter. In  order  to  avoid  this  possi- 
bility of  error  the  telescope  should  have 
attached  to  it  some  form  of  screen 
approximating  to  the  observer's  head 
in  contour,  and  extending  over  the 
cheeks  and  forehead,  so  as  to  com- 
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pletely  protect  his  eyes  from  the  effect 
of  stray  light. 

(6)  In  most  cases  too  little  account  is 
taken  of  the  effect  of  the  adaptation  of 
the  eye.  By  this  term  we  understand 
the  reactions  of  the  pupil  aperture  and 
the  retina  which  enable  the  eye  to 
accommodate  itself  to  a  certain  range 
of  illumination.  This  process  does 
not  take  place  immediately,  but  for 
purposes  of  fairly  exact  measurements 
we  may  regard  the  period  of  adaptation 
as  being  about  5  to  7  minutes.  Still, 
it  is  also  recognized  that  the  greater 
part  of  the  process  of  adaptation  is 
completed  in  a  very  short  interval  of 
time  after  a  change  of  illumination  has 
taken  place. 

In  any  case  the  degree  of  the 
change  depends  upon  the  intensity  of 
the  change  in  illumination  by  which  it 
is  called  forth.  In  the  case  of  photo - 
metrical  measurements,  therefore,  we 
must  take  precautions  to  secure  that  the 
observer  is  unable  to  see  the  source  of 
lights  tested  ;  should  he  inadvertently 
do  so,  however,  several  minutes  should 
be  allowed  to  elapse  until  the  eye  is 
once  more  adapted  to  darkness.  If 
the  exposure  is  sufficiently  severe  to 
give  rise  to  the  formation  of  an  after- 
image, a  delay  of  at  least  a  quarter 
of  an  hour  is  desirable  before  taking 
further  readings. 

(c)  The  human  eye  is  only  absolutely 
transparent  in  early  youth.  As  I 
have  explained  previously,*  in  the 
course  of  life  the  eye  lens  becomes 
gradually  yellow  in  tint,  and  in  the 
case  of  old  people  this  colouration  may 
occasionally  even  become  quite  deep. 
However,  the  change  does  not  always 
occur. 

Now  this  gradual  alteration  in  the 
eye  lens  has  a  considerable  effect  on 
visual  acuity  because  it  gives  rise  to 
the  absorption  of  a  portion  of  the  blue 
and  violet  rays.  On  the  other  hand, 
it  allows  the  yellow  and  green  rays  to 
pass  unchecked,  and  the  sensitiveness 
of  the  eye  is  a  maximum  for  rays  of  this 
character.  Hence  it  follows  that  for 
eyes  of  this  kind  the  effect  of  a  given 
flux  of  luminous  energy  is  only  weak- 
ened.   Nevertheless,  a  yellow  eye-lens  is 


*  The  III.  Eng.,  Lond.,  March,  1910,  p.  181. 


naturally  influential  when  the  measure- 
ment of  lights  of  different  colours  is 
undertaken,  especially  when  one  of  the 
two  sources  to  be  compared  has  a 
blueish  tint.  It  is  needless  to  say, 
too,  that  in  the  case  of  spec tro -photo- 
metry it  would  have  a  disturbing  effect. 

Unless  due  precautions  are  taken, 
these  three  factors,  stray  light,  the 
influence  of  adaptation,  and  the  gradual 
yellow  colouration  of  the  eye-lens, 
may  lead  to  uncertainty  in  tests  of  the 
sensitiveness  of  various  instruments. 
In  particular  they  may  lead  to  mis- 
understandings in  experiments  designed 
to  compare  the  sensitiveness  of  differ- 
ent individuals  with  one  and  the  same 
photometer. 

Indeed  on  examining  the  literature 
on  the  subject,  one  finds  that  far  from 
consistent  results  are  usually  obtained 
when  the  sensitiveness  of  different 
types  of  photometers  is  compared; 
this  may  be  partially  ascribed  to  the 
fact  that  the  three  factors  referred  to 
have  not  been  sufficiently  borne  in 
mind.  Indeed,  when  we  recall  the 
numberless  details  which  have  to  be 
paid  attention  to  in  order  to  secure 
exact  results  in  photometry,  we  cannot 
but  be  impressed  by  the  desirability 
of  some  method  of  measurement  which 
should  be  independent  of  the  pecu- 
liarities and  complicated  mechanism 
of  the  eye. 

Query  4. — Considerable  difference 
of  opinion  has  existed  for  several  years 
regarding  the  question  whether  the 
sources  of  light  are  best  estimated  in 
terms  of  mean  spherical  or  mean  hemi- 
spherical candle-power.  I  have  already 
expressed  the  view  that  in  such  com- 
parisons the  mean  spherical  intensity 
is  the  only  exact  test.* 

For  such  a  system  of  comparison 
must  be  stated  on  a  purely  scientific 
basis.  A  knowledge  of  the  mean 
hemispherical  candle-power  is,  how- 
ever, of  great  importance  because  it 
tells  us  most  about  the  light  from  the 
lamp  which  is  serviceable.  Still,  we 
miisb  remember  that  the  mean  hemi- 
spherical candle-power  can  be  enor- 
mously altered  by  the  use  of  a  larger 

*  Stockhaus^n ;  Der  eingei^chlossene  Licht- 
boffon  l)ei  (Jleichstrom,  Verlag  von  S.  A.  Barth, 
Leipzig,  1907,  p.  191-197. 
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and  better  design  of  reflector,  and, 
moreover,  that  the  determination  of 
the  centre  of  radiation  of  such  sources 
presents  great  difficulties. 

The  mean  spherical  intensity,  on  the 
other  hand,  can  only  be  affected  by  an 
alteration  either  in  the  consumption  of 
energy  by  a  source,  or  in  the  light- 
producing  mechanism.  An  alteration 
in  the  distribution  of  light  has  no  in- 
fluence on  the  result.  On  this  ground 
valid  scientific  researches  on  the  amount 
of  light  produced  by  different  sources 
should  be  based  on  mean  spherical 
candle-power. 

In  conclusion,  I  should  like  to  draw 
attention  to  one  other  aspect  of  the 
matter  which  is  of  considerable  practical 
importance  in  drawing  conclusions  from 
photometrical  tests.  We  may  express 
this  aspect  by  asking  the  following 
three  questions. 

How  much  of  the  flux  of  light 
generated  by  a  source — 

(1)  Reaches  the  eye-lens, 

(2)  Penetrates  the  eye -lens,  and 

(3)  Produces  a  physiological  effect 
upon  the  retina  ? 

These  are  questions  on  which  we 
possess  little  positive  knowledge. 
Measurements  of  daylight  reveal  the 
fact  that  at  mid-day  we  have  to  deal 
with  illumination  of  the  value  of 
thousands  of  lux  ;  on  bright  summer 
days  values  of  over  80,000  lux  have 
been  obtained.  A  critical  observer 
will  naturally  say  that  the  retina 
never  receives  an  image  corresponding 
to  this  brilliancy.  Yet  how  often 
do  we  find  in  the  literature  of  the  subject 
comparisons  of  the  intensity  of  illu- 
mination by  daylight  and  artificial 
light,  in  which  no  regard  is  paid  to  this 
possibility  ! 

We  have  become  accustomed  to 
reasoning  from  the  performances  of 
photometers  to  conclusions  regarding 
the  effect  of  certain  conditions  on  the 
eye.  Photometers  are  really  instru- 
ments specially  intended  to  enable  the 
eye  to  perceive  small  changes  in  illu- 
mination which  it  normally  would  not 
do.  By  their  aid  the  eye  can  perceive 
very  small  changes  in  brightness,  but 
cannot  properly  estimate  very  large 
ones.    A  very  powerful  intensity  of 


illumination  may  act  in  an  injurious 
manner  on  the  eye,  and  therefore  the 
eye  has  been  provided  with  means  of 
protection  ;  should  the  illumination 
change  to  an  undesirable  high  value, 
the  flux  of  light  entering  the  eye  is 
correspondingly  reduced.  Yet  the 
actual  value  of  the  flux  of  light  which 
can  be  permitted  to  enter  the  eye 
without  risk  of  injury  is  not  precisely 
known. 

A  measurement  of  illumination  merely 
records  the  fact  that  a  certain  intensity 
is  received  on  the  surface  of  a  photo- 
meter in  a  given  horizontal  or  vertical 
plane.  Yet  the  eye  probably  receives 
only  a  fraction  of  this  illumination. 
One's  projecting  forehead,  for  example, 
cuts  off  a  great  deal  of  light  coming 
from  above.  The  nose,  again,  obstructs 
light  coming  from  the  right  or  left,  and 
several  oculists  have  drawn  attention 
to  the  beneficial  screening  action  of 
these  portions  of  our  anatomy. 

Carrying  our  investigation  further 
we  see  that  the  flux  of  light  which 
actually  reaches  the  eye-lens  has  next 
to  pass  through  the  corvea,  and  is 
subsequently  vastly  reduced  by  the 
pupil-aperture.  How  much  of  the  in- 
cident light  is  absorbed  in  this  process  ? 
And  what  proportion  of  the  light 
striking  the  retina  produces  a  luminous 
sensation  ?  For  what  limits  of  illu- 
mination is  the  pupil-aperture  active  ? 
We  do  not  know.  We  only  know 
that  the  diameter  of  the  pupil - 
aperture  fluctuates  between  the  limits 
of  2  to  7  millimetres.  The  area  of  the 
aperture  through  which  the  rays  of 
light  enters  the  eye  can  therefore  vary 
between  3 '14  and  38  square  milli- 
metres that  is  to  say  the  light  may  be 
reduced  to  one-twelfth. 

It  is  therefore  obviously  incorrect 
to  regard  measurements  of  intensity 
of  illumination,  obtained  by  photo- 
metrical  means,  as  if  they  repre- 
sented accurately  the  exact  impression 
received  by  the  retina.  We  must  also 
be  very  careful  in  drawing  conclusions 
from  comparative  measurements  of 
daylight  and  the  illumination  produced 
by  artificial  illuminants,  and  specially 
in  doing  so  on  the  basis  of  brightness 
of  light  only.  In  reality  daylight  has 
a  variety  of  important  functions  to 
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perform  quite  apart  from  the  incidental 
revealing  of  our  surroundings. 

In  cases  of  artificial  illumination  we 
ought  to  aim  at  a  value  in  lux  so  high 
that  any  increase  in  brightness  adds 
only  slightly  to  the  acuteness  of  vision. 
There  is  a  need  for  adequate  investiga- 
tions, applicable  to  modem  conditions, 
on  this  subject,  and  it  would  be  very 
desirable  for  exact  researches  to  be 
made  on  this  point  in  one  of  our  great 
scientific  institutions. 

Dr.  Louis  Bell,  Boston.  So  far 
at  least  as  American  colleges  and 
technical  schools  are  concerned,  it 
is  greatly  to  be  regretted  that  sub- 
stantial courses  in  illuminating  engi- 
neering are  practically  unknown.  It 
takes  several  years,  according  to  the 
writer's  experience,  for  new  engineer- 
ing ideas  to  penetrate  the  academic 
shell  and  stir  the  occupants  to  activity. 
In  this  matter  of  illuminating  engineer- 
ing there  is  a  general  lack  of  apprecia- 
tion not  only  of  the  requirements  for 
technical  training,  but  of  the  nature 
and  functions  of  the  thing  itself.  There 
are  still  a  good  many  otherwise  well 
posted  persons  who  cherish  an  obsession 
to  the  effect  that  illuminating  engineer- 
ing is  a  mere  branch  of  electrical  engi- 
neering to  be  taken  as  a  side  issue 
thereof,  to  occupy  perhaps  a  casual 
place  in  instruction,  but  devoid  of  any 
mdependent  importance. 

One  of  our  electrical  papers  called 
attention  to  the  complete  lack  of 
instruction  in  illuminating  engineering 
some  months  ago,  and  the  comment 
drew  forth  three  or  four  mild  protests 
from  institutions,  mostly  of  small  size, 
which  claim  to  have  introduced  courses 
in  illuminating  engineering.  These 
courses,  and  practically  all  others  of 
which  the  writer  has  heard  in  this 
country,  are  merely  makeshifts,  having 
no  real  engineering  significance  at 
all,  and  being  in  reality  mere  labora- 
tory and  lecture  courses  in  somewhat 
advanced  photometry.  Now  photo- 
metry is  an  excellent  thing  in  its  way, 
but  it  is  not  illuminating  engineering 
or  any  very  considerable  part  tliereof. 

The  recent  discussion  of  the  Illumi- 
nating Engineering  Society  on  '(ilare' 
is  the  strongest  possi[)l(i  evidence  of  the 
wide  scope  that  must  be  covered  by 


illuminating  engineering  and  the  neces- 
sity of  instructional  courses  very  diffe- 
rent from  anything  which  has  yet  been 
organized.  A  proper  course  of  training 
in  illuminating  engineering  should  not 
only  include  the  customary  advanced 
photometry,  but  instruction  in  certain 
phases  of  electrical  engineering  and  of 
gas  engineering,  advanced  physics, 
physiological  optics,  and  aesthetics  from 
the  architectural  standpoint.  For  it 
is  the  business  of  the  illuminating 
engineer  not  only  to  measure  light,  but 
to  know  at  first  hand  the  properties 
of  the  materials  of  illumination,  whether 
electric  energy  or  petroleum.  He 
must  also  be  trained  in  physical  optics 
to  get  some  grasp  of  the  phenomena  of 
illumination  apart  from  its  mere  mea- 
surement ;  he  must  understand  what 
illumination  should  do  and  should  not 
do  with  relation  to  the  organs  of  vision, 
and  he  must  have  a  firm  grasp  on  the 
fundamentals  of  sound  design  as  regards 
the  aesthetic  value  of  illumination. 

It    seems,  therefore,  clear  that  an 
attempt  to  make  instruction  in  illu- 
minating engineering  a  side  issue  in  a 
course  of  practical  electricity  is  very 
likely  to  end  in  failure.    With  what- 
ever  department   such   a   course  is 
nominally  allied,  which  is  a  mere  matter 
of  academic  bookkeeping,  it  requires 
for   its   successful   working   the  co- 
operation of  at  least  four  or  five  depart- 
ments.    Students  in  electrical  engi- 
neering, gas  engineering,  and  in  archi- 
tecture might  properly  be  required  to 
take  some  thorough  general  courses  in 
illuminating  engineering,  but  the  sub- 
ject must  be  recognized  as  one  with 
ramifications  reaching  several  distinct 
fields  of  investigation,  and  as  one  which 
cannot  be  summarily  put  aside  with 
a  few  lectures  and  laboratory  exercises 
on  the  use  of  illumination  photometers, 
and  a  few  mathematical  demonstra- 
tions of  the  illumination  received  from 
a  theoretical  light  source. 

One  of  the  chief  difficulties  at  the 
present  moment  is  that  there  are  no 
text-books  on  illuminating  engineering 
in  English  worthy  of  serious  considera- 
ti(m.  What  few  books  on  the  subject 
exist  are  mostly  either  too  popular 
for  text  books  or  too  exclusively  photo- 
metrical.    In  the  writer's  judgment  the 
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best  possible  course  of  illuminating 
engineering  could  be  given  by  the 
co-operation  in  lectures  and  other 
exercises  of  instructors  from  the  depart- 
ments of  electrical  engineering,  che- 
mical technology,  physics,  physiology, 
and  architecture.  Such  a  course  need 
not  cover  a  very  great  range  of  work 
in  any  one  of  the  departments,  but  all 
the  instruction  given  should  be  tho- 
roughly co-ordinated  so  that  the  student 
may  acquire  a  clear  and  broad  view  of 
the  relations  of  these  various  branches 
of  science  to  the  art  of  artificial  illu- 
mination. And  after  all  it  is  more 
an  art  than  a  science,  which  is  added 
reason  for  not  attempting  to  relegate 
it  to  a  subordinate  position  in  any  one 
particular  technical  department. 

Dr.  C.  H.  Sharp,  Electrical  Testing 
Laboratories,  New  York  : — Very  great 
progress  has  been  made  in  the  last 
few  years  in  devising  methods  and 
producing  apparatus  for  the  convenient 
and  precise  measurement  of  mean 
spherical  candle-power,  mean  hemi- 
spherical candle-power,  luminous  flux, 
and  illumination  values. 

The  first  practical  integrating  photo- 
meter was,  I  believe,  that  of  Matthews, 
which  he  and  others  have  turned  to 
splendid  account  in  measurements  along 
these  lines.  Integrating  photometers 
of  similar  type  have  also  been  produced 
in  Europe.  More  recently  the  demon- 
stration by  Ulbricht  of  the  advantages 
of  the  integrating  sphere  as  a  means  of 
measuring  the  luminous  output  of  a 
lamp,  has  brought  this  remarkably 
simple  and  effective  apparatus  into 
great  prominence. 

With  the  production  of  apparatus 
capable  of  giving  these  characteristic 
mean  measurements  with  precision  and 
without  undue  labour,  the  importance 
of  measurement  of  this  character  has 
come  to  be  much  more  widely  recog- 
nized. The  result  is  that  we  have 
to-day  extensive  data  on  the  various 
luminous  sources  expressed  in  terms 
which  are  capable  of  exact  definition. 
When  an  arc  lamp  is  designated  as 
giving  so  and  so  many  mean  spherical 
candle-power,  the  luminous  output 
of  the  lamp  is  at  once  known,  whereas 
if  it  is  given  in  candle-power  of  any 


other  description,  the  luminous  output 
remains  an  unknown  quantity. 

The  utility  of  the  concept  of  luminous 
flux,  both  in  the  computation  of  illu- 
mination values  and  in  the  designation 
of  the  output  of  illuminants,  is  also 
coming  to  be  recognized  by  practising 
illuminating  engineers.  This  has  re- 
sulted in  a  very  great  simplification  of 
the  operation  of  computing  mean 
illuminations,  and  is  also  undoubtedly 
leading  us  to  the  point  where  tho 
luminous  output  of  lamps  and  the 
efficiency  of  lamps  shall  be  dcFignated 
in  terms  of  the  luminous  flux  and  of 
the  luminous  flux  per  watt  or  per 
cubic  foot  per  hour.  Furthermore,  a 
more  adequate  appreciation  of  the 
importance  of  illumination  data  as 
describing  the  final  results  achieved  in 
the  use  of  illuminants,  together  with 
the  production  of  improved  apparatus 
for  the  measurement  of  illumination,  has 
resulted  in  a  more  extensive  employ- 
ment of  the  various  units  in  terms  of 
which  illumination  is  measured. 

The  introduction  into  engineering 
practice  of  concepts  and  terms  which 
have  hitherto  been  regarded  as  more 
or  less  academic,  brings  us  face  to  face 
with  the  necessity  for  the  establish- 
ment of  an  acceptable  system  of  nomen- 
clature and  for  the  definition  of  units 
for  the  measurement  of  these  quantities, 
which  are  as  yet  rather  new  in  the  field 
of  illuminating  engineering.  Such  a 
system  must  be  able  to  withstand  the 
scrutiny  of  the  scientific  man,  and  must 
at  the  same  time  be  satisfactory  to  the 
practising  engineer. 

The  Illuminating  Engineering  Society 
has  at  present  a  sub-committee  which 
is  at  work  on  this  problem,  and  which 
made  a  preliminary  report  at  the  Con- 
vention of  the  Society  held  in  New 
York  last  October.  It  seems  to  me 
that  the  British  Society  will  un- 
doubtedly find  it  desirable  in  the  near 
future  to  take  some  similar  action. 
It  would  be  unfortunate  if  the  system 
adopted  in  the  two  countries  should 
be  at  variance  with  each  other  at  an}^ 
point,  and  therefore  I  would  beg  to 
make  the  suggestion  that  the  matter 
of  the  appointment  of  a  Committee 
to  take  up  the  consideration  of  this 
question  be  brought  to  the  attention 
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of  the  British  Society  with  a  view  to 
eventual  co-operation  of  the  two  Com- 
mittees with  each  other.  Personally, 
I  feel  quite  sure  that  the  American  Com- 
mittee would  welcome  such  action  on 
the  part  of  the  British  Society  most 
warmly,  and  that  the  result  of  such 
co-operation  could  not  fail  to  be  very 
beneficial. 

Preston  S.  Millar,  New  York  : — 
The  selection  of  the  measurement  of 
light  and  illumination  as  the  topic 
of  discussion  for  the  last  meeting  of 
the  British  Illuminating  Engineering 
Society  is  significant,  and  illustrates  a 
growing  appreciation  of  the  importance 
of  the  scientific  study  of  illuminating 
problems.  In  this  field  the  measure- 
ment of  light  holds  a  place  of  much 
importance. 

During  the  four  years  of  activity 
of  the  Illuminating  Engineering  Society 
in  the  United  States  of  America,  there 
have  been  presented  before  the  Society 
thirty-four  papers  dealing  with  light- 
ing installations.  It  is  interesting  to 
note  that  in  nineteen  of  these  papers 
there  have  been  included  photometric 
studies  of  lamps  or  illumination.  In 
fact,  30  per  cent  of  all  the  papers  in- 
cluded in  the  first  four  volumes  of  the 
Transactions  deal  Avith  questions  of 
photometry  or  include  reports  of  photo- 
metric tests.  This  might  seem  to 
imply  undue  or  disproportionate  atten- 
tion given  to  photometry,  but  it  is 
perhaps  natural  that  those  interested 
in  the  measurement  of  light  should  be 
the  first  to  take  active  part  in  the  work 
of  an  illuminating  engineering  society. 
However  that  may  be,  there  is  every 
reason  to  believe  that  photometry  will 
continue  to  find  a  large  place  in  these 
Transactions. 

In  the  United  States  there  is  a  grow- 
ing appreciation  of  the  value  of  photo- 
metry in  lighting  practice.  Every  con- 
sulting illuminating  engineer  provides 
himself  with  a  photometric  outfit,  or 
has  occasional  tests  made  by  some 
testing  organization.  To  a  greater  or 
lesser  extent,  photometric  study  has 
become  a  feature  of  the  work  of  most 
consulting  illuminating  engineers,  and 
HO  we  find  reported,  tests  to  determine 
ilhiminating  efTicicmcics,  or  the  ratio 
between  tlie  flux  of  light  delivered  on 


a  working  plane  whose  illumination  is 
the  chief  object  of  the  installation,  and 
the  total  flux  of  light  produced  in  the 
installation  ;  studies  of  depreciation  in 
the  efficiency  of  a  lighting  installation 
due  to  collection  of  dust,  and  other 
effects  of  lack  of  proper  maintenance  ; 
studies  of  the  reflecting  power  of  walls 
and  ceilings  ;  and  studies  of  illumina- 
tion produced  in  streets. 

The  extent  to  which  photometry 
enters  into  lighting  practice  in  the 
United  States  is  more  or  less  well  under- 
stood by  those  who  have  followed  the 
technical  press  for  the  last  few  years. 
Gas  lamp  manufacturers  have  compiled 
elaborate  data  on  light  distribution 
and  efficiency  of  gas  lamps  variously 
equipped,  and  are  placing  these  at  the 
disposal  of  gas  companies.  The  gas 
companies  continue  to  sell  gas  on  a 
basis  of  candle-power,  although  the 
agitation  in  favour  of  a  caloriflc  value 
is  beginning  to  have  effect. 

It  has  long  been  the  most  approved 
practice  among  central  stations  fur- 
nishing electrical  service  to  draw 
strict  specifications  as  to  the  rating  of 
incandescent  electric  lamps,  and  to  so 
arrange  the  purchase  of  these  lamps 
that  reasonable  compliance  with  such 
specifications  will  be  obligatory. 

It  is  now  the  almost  invariable 
practice  for  manufacturers  of  reflectors 
and  globes  to  furnish  light  distribution 
curves  with  their  reflectors  in  order 
to  contribute  towards  the  intelligent 
use  of  their  appliances. 

Although  the  rating  of  lamps  is  still 
based  upon  unidirectional  or  zonular 
values,  a  clearer  understanding  prevails 
concerning  the  necessity  for  basing 
comparisons  of  lamps  upon  total  flux  of 
light,  and  this  is  the  practice  very 
generally  adopted  at  this  time,  although 
to  a  large  extent  we  still  entertain  the 
notion  of  mean  intensity  rather  than 
light  flux. 

In  general  in  this  country,  precision 
photometry  is  carried  out  upon  bars 
of  the  Reichsanstalt  type,  while  in 
industrial  work,  convenient  forms  of 
semi-enclosed,  carefully  screened  photo- 
meters are  available,  built  generally 
by  those  who  use  them.  Light  dis- 
tributicm  apparatus  is  used  to  a  limited 
extent  only,  due  to  the  fact  that  on 
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practically  all  forms  of  illuminants, 
light  distribution  data,  vouched  for  by 
independent  authorities,  have  been 
published. 

Integrating  photometers  are  not  used 
largely,  the  Matthews  integrating  photo- 
meter having  been  installed  in  but  few 
laboratories,  while  the  "  Globe  "  photo- 
meter, which  is  rather  new  in  this 
country,  is  only  beginning  to  find  the 
use  to  which  its  merits  would  seem  to 
recommend  it. 

Satisfactory  portable  photometers  are 
available  and  are  meeting  with  increas- 
ing use. 

I  have  chosen  to  present  a  few 
generalities  rather  than  to  enter  specific- 
ally into  a  discussion  of  the  very 
interesting  list  of  queries  which  have 
been  submitted.  Practically  all  meri- 
torious forms  of  photometric  appliances 
have  been  described  in  the  technical 
press,  and  I  therefore  have  nothing  to 
contribute  on  this  subject  which  is  not 
already  available.* 

Mr.  G.  H.  Stickney  (Schenectady, 
N.Y.). 

No.  1. — The  principal  technical  col- 
leges of  this  country  have  ample 
facilities  for  physical  photometric 
measurement  as  far  as  the  science 
has  developed.  Much  more,  however, 
is  yet  desired  as  regards  the  facilities 
for  measurements  covering  the  com- 
mercial application.  There  is,  of 
course,  a  demand  for  devices  which  will 
reduce  labour  and  give  reliable  results 
more  automatically. 

No.  3. — In  our  laboratory  we  use 
several  different  photometric  combina- 
tions to  meet  the  requirements  of 
different  conditions.  For  small  sym- 
metrical sources  the  single  mirror 
photometer  is  used.  For  unsym- 
metrical  sources  a  double  mirror  photo- 
meter is  used.  For  light  sources  of 
large  area  we  have  designed  a  special 
arrangement,  eliminating  all  mirrors. 
This  photometer  is  so  constructed  that 
we  can  mount  a  ceiling  10  ft.  square 
above  the  lamp  so  as  to  measure  the 
ceiling  reflection.  All  our  photometers 
are^rranged  so   that  they  can  be 

*  See  'Illumination  Photometers  and  their 
Use,  by  P.  S.  Millar,  paper  presented  at  the 
.^irst  Convention  of  the  Illuminating  Engineer- 
ing bociety,  U.S.A.,  Boston,  l'J07. 


worked  at  a  constant  radius  (usually 
10  ft.). 

Two  of  our  photometers  can  be 
adjusted  for  constant  illumination  on 
the  screen  dr  constant  length  of  the 
bar.  For  careful  readings  on  steady 
sources  we  use  the  Lummer-Brodhun 
screen.  For  sources  of  variable  in- 
tensities we  prefer  to  take  a  large 
number  of  quick  readings  witlj  the 
Bunsen  screen. 

We  consider  it  very  important  to 
have  our  measurements  made  by  ex- 
perienced observers.  Under  these  con- 
ditions we  obtain  remarkably  good 
results  with  the  bunsen  screen  on  lights 
of  different  colours. 

In  the  determination  of  mean 
spherical  candle-power  from  photo- 
metric curves  we  have  followed  two 
methods  : — 

I.  By  applying  the  cosine  constant 

to  10®  readings. 

II.  By  integrating  a  curve  plotted 

on  cosine  paper. 
The  former  method  is  quicker,  and  nob 
liable  to  any  large  error.  The  latter 
method,  when  carefully  applied,  seems 
to  be  slightly  more  accurate,  particularly 
with  irregular  curves. 

No.  4.  The  writer  believes  that  the 
mean  spherical  candle-power  is  the  one 
single  figure  which  comes  nearest  to 
expressing  the  light  value  of  an  illu- 
minant.  But  while  it  measures  the 
value  of  the  source  as  a  light  producer, 
it  is  not  always  a  true  measure  of  the 
source  as  a  producer  of  useful  illu- 
mination. In  places  where  practically 
all  upward  light  is  wasted,  the  mean 
candle-power  in  the  lower  hemisphere 
is  a  more  useful  unit  of  comparison. 
This,  however,  is  often  wrongly  applied 
as  a  general  comparison  where  lamps 
may  be  used  beneath  white  ceilings. 
The  practice  which  we  follow  in  sending 
out  photometric  data  is  to  give  a  polar 
curve,  showing  the  distribution  along 
with  the  mean  spherical  and  mean 
hemispherical  candle  -  power  figures. 
This  permits  the  results  to  be  inter- 
preted according  to  the  requirements 
of  particular  problems. 

No.  5.  I  know  of  no  general  method 
which  suits  all  cases.  We  usually  employ 
the  Bunsen  or  the  Lummer-Brodimn 
contrast  screen.    We  have  made  some 
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tests  with  the  flicker  photometer,  but 
as  its  results  differ  from  the  other 
screens  we  have  avoided  complications 
by  adhering  to  our  former  practice 
until  the  correctness  of  the  flicker 
photometer  has  been  more  thoroughly 
established. 

No.  6.  In  connexion  with  our  illu- 
minating engineering  work  we  have 
made  a  large  number  of  illumination 
measurements.  The  practice  which  we 
have  followed  seems  to  the  writer  to  be 
the  most  practicable  one  for  commercial 
work.  We  have  used  two  types  of 
instruments  :  one  for  high  intensity 
readings— usually  under  indoor  con- 
ditions ;  and  one  for  low  intensity 
readings  as  in  ordinary  street  lighting. 
As  a  high  intensity  illumination  photo- 
meter there  has  been  developed,  under 
the  direction  of  Mr.  Ryan,  the  lux- 
meter,  which  is  suitable  for  measuring 
intensities  from  one-half  a  foot  candle 
upward  through  a  reasonable  range. 
This  instrument  measures  the  intensity 
of  illumination  falling  on  a  surface- 
either  horizontal,  vertical,  or  otherwise, 
according  to  the  position  of  the  instru- 
ment. It  corrects  Tvell  Avithin  the  re- 
quirements of  commercial  accuracy  for 
oblique  angle?:  of  inddences. 

The  instrument  is  self-contained, 
and  is  so  arranged  that  the  observer 
need  not  cast  a  shadow  upon  the  screeli. 
We  have  made  a  very  large  number  6f 
measurements,  some  of  which  have 
been  compared  with  those  of  other 
mstruments,  and  the  results  have  been 
exceedingly  satisfactory.  The  lux- 
meter  has  simply  been  made  up  for 
our  own  use,  and  has  never  been  placed 
on  the  market.  It  was  especially 
got  out  for  store  lighting  measurements, 
but  we  have  used  it  also  for  high  in- 
tensity street  lighting  measurements. 

Eor  ordinary  street  lighting  we  have 
found  it  more  practicable  to  measure 
the  intensity  of  the  beam  at  various 
distances  from  the  light  source  rather 
than  attempt  to  measure  the  low  in- 
tensities falling  on  the  surface  of  the 
street.  In  some  cases  we  have  intro- 
duced the  cosine  factor  and  calculated 
the  intensity  on  the  surface  of  the 
street,  })ut  ordinarily  we  use  only  the 
intensity  of  the  beam  in  making  our 
comparisons.    This   method,   for  ex- 


ample, was  followed  in  presenting  the 
data  before  the  National  Electric  Light 
Association. 

M.  F.  Lauriol  (Paris).  I  hope  to 
deal  with  Query  2  in  greater  detail  on  a 
future  occasion.  As  regards  Query  3 
I  myself  utilize  the  well-known  mirror 
arrangement  in  order  to  determine 
the  polar  curve  of  light  distribution 
of  a  source.  According  to  this  method 
an  inclined  mirror  is  rotated  on  a 
revolving  arm  in  such  a  manner  that 
the  ray  coming  from  the  source  at 
different  angles  is  constantly  directed 
along  the  photometrical  bench  for 
measurement  (this  ray,  however,  strikes 
and  leaves  the  mirror  at  the  same 
angle). 

In  subsequently  working  out  the 
mean  spherical  or  mean  hemispheripal 
candle-power  I  utilize  the  well-known 
Rousseau  diagram.  In  determining  the 
mean  spherical  candle-power,  when  it 
is  not  necessary  to  know  the  polar 
curve  of  light  distribution,  I  make  use 
of  the  Ulbricht  globe.  According  to  the 
dimensions  of  the  illuminant  to  be 
tested,  I  employ  two  sizes  of  this 
instrument,  which  are  respectively 
80  centimetres  and  2  metres  in  diameter. 
I  understand  that  the  globe  can  also 
be  used  to  measure  mean  hemispherical 
candle-power,  but  I  have  not  actually 
tested  it  for  this  purpose,  and  consider 
its  use  in  this  connexion  somewhat 
doubtful. 

Query  4.  The  real  value  of  an  illu- 
minant may  be  expressed  either  in 
terms  of  the  mean  spherical  or  the 
mean  hemispherical  candle-power,  and 
sometimes  it  is  necessary  to  know  both. 
In  a  street,  for  example,  assuming  that 
comparatively  little  light  is  reflected 
from  the  houses,  a  knowledge  of  the 
lower  hemispherical  candle-power  is 
most  important.  In  a  room  with 
white  ceiling  and  white  walls,  on  the 
other  hand,  probably  the  mean  spherical 
candle-power  best  represents  the  total 
amount  of  light  used  for  general  pur- 
poses of  illumination.  In  general,  I 
think  it  is  desirable  to  state  both  the 
mean  spherical  and  mean  hemispherical 
candle-power  of  illuminants,  and  to 
consider  both  in  framing  any  com- 
parison. Only  in  special  circum- 
stances   should    one's    reasoning  be 
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based  on  either  of  these  quantities 
separately. 

Query  5.  This  is  an  exceedingly  com- 
plicated question.  I  have  published 
several  technical  papers  dealing  with 
the  matter  in  connexion  with  the  pro- 
ceedings of  the  International  Photo- 
metric Commission  at  Zurich  in  1907, 
and  elsewhere.  Briefly,  I  consider  that 
in  the  case  of  two  illuminants  which 
differ  in  colour  it  is  impossible  to  state 
that  the  illuminating  power  of  the  one 
is  invariably  any  multiple  of  that  of  the 
other.  If  certain  conditions  occur  this 
may  be  true  ;  under  other  circumstances 
it  may  not.  In  order  to  approach  a 
fairly  accurate  result  I  consider  the 
use  of  a  photometer  of  the  Ritchie 
type  preferable.  It  is  also  necessary  to 
make  a  series  of  different  measurements 
with  varying  illumination  of  the  photo- 
meter screen,  if  possible  from  0*1  to  a 
1,000  lux,  or  at  least  from  0*5  to  50  lux. 

To-day  we  have  to  deal  with  many 
illuminants  which  differ  considerably 
in  colour  such  as  arc-lamps,  carbon, 
and  metallic  filament  lamps,  incan- 
descent lamps,  incandescent  mantles, 
oil  lamps,  &c.  We  have  sometimes 
even  to  deal  with  radically  different 
colours,  as  in  the  case  of  the  red  and 
green  lamps  used  for  railway  signalling. 

Leaving  out  of  account  special  lamps 
of  the  latter  kind,  however,  and  con- 
fining ourselves  to  commercial  illu- 
minants, there  seem  to  me  to  be  three 
questions  on  which  definite  information 
is  needed.  How  greatly  do  results 
depend  upon, 

(1)  The  intensity  of  illumination 
of  the  photometer  screen. 


(2)  The  different  types  of  photo- 
meters employed. 

(3)  The  peculiarities  of  different 
observers  ? 

And  even  if,  theoretically,  we  are 
able  to  say  that  this  or  that  illuminant 
is  double  as  powerful  as  some  other, 
how  far  can  this  result  be  applied  to 
describe  the  conditions  in  practice  ? 
What  percentage  of  error  is  involved 
in  such  an  assumption  ?  Unfortu- 
nately I  have  not  sufficient  leisure  to 
work  out  these  question  alone,  and  I 
think  it  is  one  with  which  a  number 
of  laboratories  ought  to  deal. 

Queries  6  and  7.  This  is  a  matter 
with  which  I  have  not  had  much 
personal  experience.  It  is  a  matter  for 
consideration  in  what  plane  a  measure- 
ment of  illumination  should  be  made. 
It  has  been  proposed  to  measure  it  at  the 
level  of  the  ground  ;  also  in  an  hori- 
zontal plane  at  a  given  distance  above 
it  ;  also  in  a  vertical  plane.  But  it 
does  not  seem  thoroughly  established 
which  of  these  methods  most  com- 
pletely represents  practical  conditions. 


We  have  also  received  from  Dr.  A. 
C.  Humphreys,  President  of  the  Stevens 
Institute,  U.S.A.,  a  letter  in  which  he 
expresses  his  great  interest  in  this  sub- 
jeqt,  and  states  that  he  hopes  to  con- 
i^pibute  some  remarks  shortly. 
,  Dr.  Humphreys  adds  that  many 
years  ago  he  had  already  made  efforts 
tp  draw  the  attention  of  gas  and 
electrical  engineers  to  the  importance 
of  studying  the  measurement  of  light 
and  illumination. 


Glare ;  its  Causes  and  Effects. 
Further  Communications  from  Correspondents. 


Prof.  George  J.  Burch,  University 
College,  Reading  [communicated)  : — 

Several  distinct  phenomena  are  usu- 
ally classed  together  under  the  head  of 
glare.    As,  for  example,  : — 

1.  After  meeting  a  motor  car  with 
an  acetylene  head-lamp  on  a  country 
road  at  night,  it  is  impossible  for  some 
seconds  to  see  the  oil  lamps  of  any 
bicycles  that  may  be  following  it. 
This  is  due  to  the  intense  negative  after 


effect  of  the  brilliant  light  impressed 
upon  the  yellow  spot — the  very  part 
of  the  retina  we  use  in  steering  by  a 
light.  It  is  a  source  of  danger  to  c^^clists 
2.  The  glare  of  a  snowfield,  or  of  the 
sun  upon  the  sands,  or  the  gold  rims 
of  a  pair  of  spectacles,  is  due,  as  Dr. 
Parsons  has  pointed  out,  to  an  excess 
of  illumination  on  the  peripheral  regions 
of  the  retina  interfering  with  the 
functions  of  the  yellow  spot.    In  some 
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countries  hunters  blacken  the  skin 
below  the  eyes  with  gunpowder  to 
reduce  the  light  reflected  from  the 
face. 

3.  A  greatly  intensified  sensation  of 
glare  may  be  experienced  in  travelling 
past  trees  or  palings  in  a  railway 
carriage  when  the  sun  is  low.  The 
passage  of  the  shadows  in  rapid  succes- 
sion across  the  pages  of  one's  book 
produces  an  almost  painful  effect.  The 
late  Dr.  Shelford  Bidwell  told  the  writer 
that  he  had  found  the  effects  of  such 
intermittent  illumination  so  deleterious 
as  to  necessitate  his  relinquishing  his 
investigation  of  the  subject. 

4.  A  fourth  variety  of  glare  is  due  to 
irregular  refraction  or  cloudiness  in 
the  eye  itself,  and  concerns,  therefore 
the  ophthalmic  surgeon  rather  than 
the  engineer. 

I  agree  with  Mr.  J.  S.  Dow's  sugges- 
tion that  Dr.  Stockhausen's  proposal 
to  take  the  duration  of  after  images 
as  a  criterion  of  glare  is  attended 
with  difficulties  ;  I  fear  it  would  lead 
to  no  reliable  result.  From  a  large 
number  of  measurements  extending 
over  nearly  thirty  years  I  conclude  that 
the  period  varies  greatly  in  different 
individuals,  and  moreover,  varies  in 
the  same  individual  according  to  the 
state  of  his  health.  Cases  have  been 
recorded  of  after-images  persisting  for 
ten  or  twelve  hours  when  the  light 
used  has  been  merely  that  of  the  blue 
sky. 

I  have  seen  them  for  nearly  four 
hours  myself,  though  as  a  rule  definite 
images  fade  away  in  considerably  less 
than  an  hour.  The  rate  of  maximum 
flicker  too  is  subject  to  a  considerable 
variation. 

Undoubtedly  there  is  what  one  might 
call  a  normal  rate  of  decay  for  after- 
images. 8o  also  is  there  a  normal 
rate  of  pulse,  and  one  might  con- 
ceivably by  some  automatic  arrangement 
for  recording  the  beats  of  it,  make  a  new 
kind  of  clock.  But  it  would  hardly  do 
to  catch  trains  by  ! 

Dr.  C.  H.  Williams  (Boston,  U.S.A.). 
In  the  number  of  The  Illuminating 
Emjineer  (of  London)  for  February, 
1910, 1  find  a  very  interesting  discussion 
on  the  subject  of  '  Glare,'  and  (m  p.  08 
in  query  No.  G  you  ask  "  What  instru- 


ments are  available  for  measuring  in  a 
simple  manner  the  intrinsic  brilliancy 
of  any  luminous  object  ?  " 

My  "  Simplex  "  photometer,*  is  de- 
signed for  this  purpose,  and  the  photo- 
graphic films  of  increasing  density,  on 
which  it  depends,  being  non-selective 
enable  it  to  be  used  for  the  determina- 
tion of  the  relative  intrinsic  brightness 
of  lights,  coloured  as  well  as  white. 
In  this  respect  it  is  better  than  the  glass 
wedges  often  used  and  which  generally 
affect  some  colours  more  than  others. 

This  photometer  measures  the  relative 
intrinsic  brilliancy  of  lights,  but  does 
not  measure  the  amount  of  light.  For 
instance,  if  we  examine  the  filaments 
of  a  16  and  of  a  32  c.-p.  incandescent  ; 
electric  lamp  at  a  distance  of  20  ft., 
each  filament  burning  supposedly  with 
the  same  intensity,  we  shall  find  with 
this  photometer  that  their  intrinsic 
brightness  is  the  same  ;  but  as  the 
filament  of  the  32  c.-p.  lamp  is  longer 
than  the  other  it  gives  a  greater  amount 
of  light.  On  the  other  hand,  if  we 
examine  the  filaments  of  a  number  of 
lamps  which  have  been  burning  differ- 
ent lengths  of  time,  such  as  those 
round  the  cornice  of  a  room,  we  can, 
without  removing  them  from  their 
positions,  measure  their  relative  in- 
tensity, and  see  how  much  one  differs 
from  another,  or  from  a  normal  standard. 

Again,  with  signal  lights,  we  can  thus 
measure  the  relative  intensity  of  distant 
signal  lights,  either  white  or  coloured, 
and  compare  them  with  a  standard 
light.  So  also  the  relative  value  of 
such  lights  in  penetrating  an  atmo- 
sphere more  or  less  loaded  with  smoke 
or  fog  can  be  measured  by  testing  them 
under  such  conditions. 

I  have  recently  made  a  few  tests  of 
some  of  the  light-houses  near  Boston 
Harbour,  and  it  has  been  interesting 
to  see  how  much  the  varying  conditions 
of  weather  affected  the  relative  in- 
tensity of  these  lights.  The  engineer 
of  the  first  and  second  U.S.  Lighthouse 
Districts  has  just  purchased  one  of 
these  photometers,  and  I  hope  that 
he  will  obtain  some  interesting  results. 


*  The  III.  Eng.,  Lond.,  Vol.  I.,  June,  1908, 
p.  60G. 
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(FOUNDED  IN  LONDON,  1909). 


New  Members  of  the  Society. 

At  the  meeting  of  the  Illuminating  Engineering  Society  held  at  the  house  of  the 
Royal  Society  of  Arts  on  March  15th,  1910,  the  names  of  the  applicants  for  member- 
ship read  out  at  the  previous  meeting  on  February  15th  were  formally  approved 
and  these  gentlemen  were  declared  Members  of  the  Illuminating  Engineering 
Society.* 

In  addition  the  names  of  the  following  gentlemen  have  been  duly  submitted 
and  approved  by  the  Council,  and  were  read  out  by  the  Hon.  Secretary  at  the 
meeting  of  the  Society  on  March  15th  : — 

Vice-Presidents. 
Past  President  of  the  Institution  of  Electrical  Engineers,  82, 

Victoria  Street,  London,  S.W. 
The  Originator  of  the  Violle  Standard  of  Light,  89,  Boule- 
vard St.  Michel,  Paris. 
Ordinary  Members. 
Works  Manager,  of  the  British  Luxfer  Prism  Syndicate,  16, 

Hill  Street,  Finsbury,  London. 
Chief  Electrical  Engineer  of  the  Waterloo  and  City  Railway, 
8,  Altenburg  Gardens,  Claijham  Common,  London, 
S.W. 

Borough  Electrical  Engineer  of  Ealing,  the  Town  Hall, 
Ealing. 

Opthalmic  Surgeon,  67,  Wimpole  Street,  London,  W. 
Electrical  Engineer,  London  Electrical  Supply  Corporation, 

25a,  Cockspur  Street,  London,  W. 
Electrical  Engineer,  6,  Old  Queen  Street,  Westminster, 
London,  S.W. 

Corresponding  Members. 
Opthalmic  Surgeon,  10,  Miinchenerplatz,  Dresden. 


OFFICIAL  NOTICE. 

DATE   OF   ANNUAL   GENERAL  MEETING. 

It  has  now  been  decided  that  the  Annual  General  Meeting  of  the  Society 
will  take  place  on  Monday,  May  23rd,  at  8  p.m.,  at  the  House  of  the  Royal 
Society  of  Arts  (John  Street,  Adelphi,  London,  W.),  when  it  is  hoped  that  all 
members  will  make  a  special  effort  to  be  present. 

As  announced  elsewhere  (p.  226)  the  next  meeting  of  the  Society  is  to  take 
place  at  the  House  of  the  Royal  Society  of  Arts  on  Thursday,  April  14th.  when 
the  discussion  on  "  The  Measurement  of  Light  and  Illumination  "  will  be 
resumed,  and  The  President,  Professor  S.  P.  Thompson,  D.Sc,  F.R.S.,  will 
take  the  chair. 


Mordey,  W.  M. 
Violle,  M. 

Barham,  G.  R. 
Jones,  H.  W. 

Knight,  J.  D. 

Levy,  Dr.  A. 
Slaughter,  T.  E. 

Venner,  R.  F. 
Schanz,  Dr.  F. 


*  A  list  of  thes^  names  wiU  be  found  in  The  Illuminating  Engineer,  March,  1910,  page  191. 
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Street  Lighting  with  Tungsten  Incandescent  Lamps. 

The    value    of    high    candle-power  promote  good  distribution  of  light,  and 

Tungsten  lamps  for  street  lighting,  and  also  lends  itself  to  decorative  effect, 

especially  for  the  less  important  tho-  In  order  to  achieve  this  last  result  it 

roughfares,  has  attracted  considerable  is  of  course  essential  that  due  attention 

attention   in   this    country.    In   the  should  be  paid  to  the  proper  screening 

United  States  the  use  of  these  lamps  of  the  lamps. 

has  already  been  extending  rapidly,  This  is  yet  another  illustration  of 

and  one  interesting  method  which  has  the  competition  of  high  candle-power 

found  favour  in  many  quarters,  is  the  tungsten    lamps    with    arc  damps. 


arrangement  of  a  series  of  lamps  in 
arches  spanning  the  street.  An  ex- 
ample is  furnished  by  the  adjoining 
illustration. 

The  arrangement  is  regarded  as  being 
specially  convenient  for  festive  occa- 
sions as  such  lamps  can  be  so  easily 
installed  at  short  notice.  In  addition, 
the  use  of  a  number  of  small  units  in 
preference  to  one  large  one,  is  said  to 


Remane,*  and  others  have  contended 
that,  under  certain  conditions,  the 
incandescent  lamps  are  the  cheaper, 
and  now  that  filaments  yielding  as 
much  as  1,000  candle-power  are  be- 
coming stock  articles,  it  will  be 
interesting  to  watch  their  development 
for  outdoor  lighting. 

*  See  The  Illuminating  Engineer^  vol.  i.  p.  861, 
1908, 
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The  Physiological  Effects  of  Radiation. 

By  Dr.  C.  P.  Steinmetz. 

(Address  before  The  Illuminating  Engineering  Society  in  the  United  States,  Third  Annual  Convention,  1909. 

Abbreviated.) 

{Continued  from  p.  96.) 


I  MENTIONED  that  glass  is  perfectly 
opaque  to  radiation  of  very  short 
wavelength.  A  very  high  frequency 
or  a  medium  frequency  ultra-violet 
radiation  cannot  penetrate  glass,  and 
glass,  therefore,  affords,  as  far  as  I 
know,  a  practically  perfect  protection 
against  harmful  ultra-violet  light. 
Glass  is  not  quite  opaque  to  the 
longest  ultra-violet  waves,  but  pro- 
bably for  about  one-quarter  of  an 
octave  beyond  the  visible  ultra-violet 
light,  the  light  penetrates  glass  to  a 
certain  extent. 

You  see  we  have  in  the  ultra-violet 
Hght  a  very  wide  range  of  radiation 
in  which  the  danger  increases  from 
practically  nothing,  at  the  upper  range 
of  wave  length,  to  an  extreme 
destructiveness  at  the  highest  fre- 
quency. Where,  therefore,  you  have 
to  deal  with  arc  and  spark  discharges, 
in  the  case  of  wireless  telegraph 
apparatus,  &c.,  it  is  necessary,  for 
protection,  to  enclose  the  source  of 
light  in  glass.  In  that  case,  however, 
you  must  realize  it  is  not  sufficient 
merely  to  interpose  a  glass  plate, 
because  you  still  get  reflected  light, 
and  reflected  ultra-violet  light  is  also 
harmful ;  you  must  enclose  the  source 
of  hght  entirely  by  glass,  otherwise, 
probably  in  a  reduced  degree,  but  still 
quite  marked,  you  get  the  harmful 
effect  of  ultra-violet  light.  Wearing 
glasses  affords  considerable  protection, 
but  not  absolute  protection,  because 
enough  stray  light  comes  in  so  that 
you  will  notice  it,  as  I  found  when 
I  looked  at  a  low  temperature  quartz 
mercury  lamp  for  a  few  minutes.  The 
other  gentleman,  who  looked  at  it 
without  glasses,  is  not  quite  well  yet, 
9/nd  that  was  eight  years  ago. 


So  far  we  have  discussed  the  specific 
physiological  effect  of  radiation  on 
the  eye,  more  particularly  the  harm- 
ful effect.  There  are,  however,  effects 
not  only  on  the  eye  as  an  organ, 
which  is  made  to  notice  radiation, 
but  on  the  living  organisms  in  general. 
Radiation  exerts  a  powerful  effect 
on  living  protoplasm,  on  animal  and 
vegetable  life.  The  most  important 
effect  of  radiation  is  undoubtedly 
that  on  plant  life.  The  energy  of 
plant  life  is  derived  from  the  energy  of 
radiation  of  sunlight  ;  and  the  radia- 
tions which  do  the  chemical  work 
on  the  plant  are  the  long  waves  of 
the  red  and  orange  and  yellow. 
The  chemical  action  of  radiation  is 
undoubtedly  some  kind  of  a  resonance 
effect.  We  find  that  the  relatively 
heavy  silver  atom — atomic  weight 
108 — responds  to  the  shortest  visible 
rays  and  the  invisible  ultra-violet 
rays  ;  that  is,  the  maximum  actinic 
power  for  silver  compounds  probably 
is  at  the  end  of  the  violet  or  beginning 
of  the  ultra-violet.  The  much  smaller 
oxygen  atom — weight  16 — does  not 
respond  to  these  radiations,  but 
responds  to  the  extreme  end  of  the 
ultra-violet,  about  one  or  two  octaves 
higher  :  a  higher  frequency,  as 
would  be  expected,  is  the  resonance 
frequency.  On  the  other  side,  when 
we  come  to  the  much  heavier  com- 
plex carbon  radicles  of  the  organic 
compounds  of  plant  life,  you  see 
we  must  expect  them  to  respond 
or  resonate  with  lower  frequencies 
than  even  the  silver  atom,  and  so  we 
find  that  plant  life  is  responsive  to 
the  extreme  end  of  the  long  waves 
of  the  spectrum,  to  the  red  and  orange 
and  yellow. 
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Ultra-violet  light  again  is  harmful. 
As  we  may  expect,  the  frequency  is 
so  short  that  heavy  groups  of  carbon 
atoms  cannot  respond  to  it,  but  the 
individual  atoms  may  respond  and 
may  cause  dissociation,  that  is, 
death,  while  it  is  the  rearrangement 
of  the  atomic  groups  which  we  call  life. 

The  animal  kingdom  cannot  utilize 
the  energy  of  radiation.  Never- 
theless, radiation  also  exerts  a 
physiological  effect  on  the  animal 
or  human  body  when  impinging  on 
it.  The  effect  is  the  same  as  that 
of  any  powerful  agent  :  it  is  stimulat- 
ing when  of  moderate  intensity,  and 
destructive  when  of  high  intensity. 
The  stimulating  effect  may  be  used 
therapeutically  to  a  certain  extent, 
and  is  being  used  as  a  convenient 
method,  especially  in  cases  where  the 
metabolism  is  sluggish,  to  increase 
rapidity  of  circulation,  similar  in 
effect  to  the  static  field,  for  instance. 
Thus  radiation  power,  or  light,  has  a 
decided  stimulating  effect  on  man, 
when  of  moderate  intensity,  while 
excessive  intensity  causes  harm  ; 
excessive  exposure  to  sunlight  we 
know  causes  sunburn,  which,  when 
severe,  leads  to  the  destruction  of  the 
surface  tissue  of  the  body  which 
has  been  exposed. 

The  effect  of  radiation  on  lower 
organisms,  micro-organisms,  is  also 
very  interesting.  Many  micro-organ- 
isms, germs,  live  in  the  light.  They 
can  stand  a  considerable  amount  of 
light,  though  possibly  direct  sun- 
light may  kill  them.  There  are  other 
germs  which  are  used  to  live  in  the 
dark,  and  are  killed  by  light.  Thus 
micro-organisms  which  have  been 
developed  in  light,  require  light,  and 
are  killed  by  darkness,  and  micro- 
organisms which  have  been  deve- 
loped in  the  darkness  are  killed  by 
light.  Thus  amongst  the  putre- 
factive bacilli — germs  of  decay — 
there  are  those  which  require  light 
and  air  and  those  which  live  in  dark- 
ness, and  would  be  destroyed  b}' 
daj^ight.  Especially  is  the  latter 
the  case  with  the  disease  germs 
which  live  in  the  interior  of  the 
bod3%  in  darkness.  They,  tJiercforc, 
are  used  to  the  dark,  and  light  is 


fatal  to  them.  As  a  result  disease 
germs  are  more  or  less  rapidly  killed 
by  light,  and  especially  direct  sun- 
light is  one  of  the  most  powerful 
germicides  and  disinfectants.  The 
tuberculosis  bacillus  is  especially 
sensitive  to  light,  and  is  almost 
instantly  killed  by  direct  sunlight. 
The  greatest  prophj^lactic  method, 
therefore,  is  to  flood  our  homes  with 
light — instead  of  that  we  do  exactly 
the  opposite.  We  very  carefully 
exclude  sunlight,  to  keep  the  carpets 
from  fading.  Direct  sunlight  is  the 
most  powerful  germ  destroyer. 

As  light  destroys  pathogenic  germs, 
disease  germs,  it  is  important  to 
consider  its  application  as  a  thera- 
peutic agent  in  combating  these 
germs  in  the  human  body.  In 
surface  infections,  as  tuberculosis  of 
the  skin  (scrofulosis,  lupus)  light 
has  become  a  very  powerful  thera- 
peutic agent  and  is  the  most  efficient 
method  of  cure.  When  you  come 
to  deeper  seated  infections,  yon  see 
the  difficulties  become  very  much 
greater,  because  the  tissue  of  the 
human  body  is  nearly  opaque  to 
radiations,  especially  ultra  -  violet 
radiation,  which  are  the  most  power- 
ful destroyers  of  germ  life,  and  we 
cannot  get  a  sufficient  intensity  of 
radiation  far  enough  down  into  the 
body,  without  destroying  the  surface 
tissue.  We  naturally  think  of  X-rays 
as  radiations  which  penetrate  through 
the  body,  and  for  deep-seated  affec- 
tions they  are  used,  and  have  a 
beneficial  effect.  We  must  realize, 
however,  that  they  are  already  so  far 
in  frequency  from  the  visible  light, 
the  solar  radiation,  that  the  acclima- 
tization which  the  human  body  has 
acquired  against  solar  radiation  does 
not  exist  to  the  same  extent  against 
these  very  much  higher  frequency 
X-rays,  that  is,  the  difference  of 
sensitivity  of  disease  germs  and  of 
the  cells  of  the  human  body  to 
X-rays  is  much  less  than  for  long 
ultra-violet  rays,  and  therefore  the 
range  wherein  we  can  kill  the  germs 
\vithout  harming  the  patient  is  very 
much  narrower,  and  the  conditions 
very  much  more  risky  than  when 
usin^  the  long  ultra-violet  waves. 
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The  Use  of  Metallic  Oxides  in  Arc  Lamp  Electrodes. 

By  Dr.  B.  Monasch  (Augsburg). 


Introductory. 
Very  early  in  the  history  of  electric 
lighting,  attempts  were  made  to  utilize 
various  metallic  oxides  in  the  arc  light. 
As  a  rule  these  researches  took  the 
form  of  placing  the  metallic  oxide  in 
question  between  the  carbon  electrodes, 
thus  bringing  it  to  incandescence. 

The  refractory  nature  of  such  oxides, 
it  was  supposed,  would  enable  the  lamps 
to  bum  for  a  longer  time  without  the 
electrodes  being  renewed,  and  it  was 
also  believed  that  their  presumable 
good  qualities  as  radiators  of  light  and 
energy  would  lead  to  a  high  luminous 
efficiency.  The  oxides  were,  as  a  rule, 
either  arranged  on  the  electrodes  them- 
selves,^ or  immediately  adjacent  to 
them.^ 

Usually  this  device  did  not  lead  to 
any  practical  result,  for  the  metallic 
oxides  or  salts  melted  under  the 
heat  of  the  arc,  spread  out  over  its 
surface,  and  on  cooling,  formed  a  glassy 
slag,  which  subsequently  gave  rise  to 
much  spitting  and  flickering.  In  addi- 
tion, this  product  of  combustion  tended 
gradually  to  cover  the  active  surface 
of  the  carbon  electrodes,  with  the 
result  that  the  luminous  efficiency 
deteriorated  in  the  course  of  time. 

1  A.  Fleming,  D.K.P.  114568,  1899. 

Union  Elektricitats  Gesellschaft,  D.E.P.  149718, 
1902. 

2  Jablochkoflf,  Brit.  494,  1877,  D.R.P.  663,  1877. 

D.R.P.  8785,  1879. 
Rapieff,  Brit.  4432,  1877,  Biit.  211,  1879. 
Newton,  Brit.  4960,  1878. 
Harding,  Brit.  4047,  1878. 
t^cott,  Brit.  4671.  1878. 
Heinrichs,  D.R.P.  10054,  1879. 
Pilleux,  D.R  P.  12531,  1880. 
Bureau,  Brit.  1704,  1880. 
Tihon  and  Rezard,  D.R.P.  28981, 1882. 
Gould,  D.R.P.  31066,  1884. 
Brin,  Brit.  11.381,  1885. 
Frohlich,  D.R  P.  1123.39,  1898. 
Bonhivers,  D.R.P.  112313,  1899. 
Koch,  D.R.P.  123789,  1900. 
Haunaoh,  D.R.P.  131910, 1902. 
Cotis,  Brit.  217060,  1902. 
Nush,  Brit.  26157,  19C4. 


It  must  also  be  remembered  that,  at 
the  beginning  of  the  study  of  this 
subject  there  were  not  any  adequate 
means    of    judging    the  illuminating 
values  of  different  sources  of  light,  and, 
largely  in   consequence   of  this,  the 
actual  values  of  metallic  oxides  and 
other  refractory  bodies   as   a  means 
of  adding  to  the  light  of  the  arc  were 
often  much  overestimated.    The  fact 
established  by  the  researches  of  Auer  v. 
Welsbach,  that  the  oxides  of  the  rarer 
earth  metals  could,  under  certain  con- 
ditions,  be  heated  to  incandescence 
in  a  gaseous  flame,  and  the  knowledge 
resulting  from  the  work  of  Nernst,  that 
certain   mixtures   of   metallic  oxides 
would  conduct  at  a  high  temperature, 
and  were  then  good  radiators  of  light, 
also  led  to  an  array  of  patents  on  this 
subject.    In  these  cases  the  applicants 
frequently  paid  little  attention  to  the 
actual  relations  affecting  the  production 
of  light  by  means  of  an  arc,  and  were 
satisfied  that  an  enormous  improve- 
ment in  light  production  would  follow 
simply  from  the  use  of  metallic  oxides. 
In  this  article  we  shall  see  later  that  the 
arcs  of  most  of  the  metallic  oxides  are 
of  comparatively  small  value  as  pro- 
ducers of  light. 

It  has  also  been  proposed  to  utilize 
the  heat  of  the  arc  to  render  oxides 
of  this  kind  conducting,  and  so  supple- 
ment the  light  from  the  arc  itself  by 
that  of  an  incandescent  filament,  placed 
in  series.^  This  arrangement  also 
presents  certain  difficulties  in  actual 
operation  and  has  led  to  small  practical 
result.  For  example,  it  involves 
an  undesirable  complication  of  the 
mechanism  of  the  lamp. 

3  Korting  and  Mathiesen,  D.R.P.  111619,  1898, 
D.R.P.  111173,  1899. 
L.  T.  Magee,  D.R.P  152004,  1901. 
Vogel,  D.R.P.  140686,1902. 
Brundelmayer,  Oster.  Pat  Anm.  A.  3904,  1904. 
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Rasch^  has  also  proposed  to  strike 
?.n  arc  between  rods  composed  of 
metallic  oxides  of  the  same  kind  as 
those  utilized  in  the  Nemst  lamp. 
But  as  yet  no  serviceable  arc  lamp  of 
this  kind  has  found  its  way  into 
practice.  The  use  of  such  rods  is 
attended  with  many  difficulties.  For 
example  :  they  are  non-conductors  at 
ordinary  temperatures,  and  must, 
therefore,  be  preheated  before  they  can 
be  used  as  light  producers.  In  addi- 
tion, if  the  electrodes  are  brought  into 
contact  in  the  heated  condition,  they 
are  apt  to  stick  together  and  to  cause 
a  short  circuit  ;  the  current  then 
increases  enormously  and  the  electrodes 
may  melt  along  their  entire  length. 
Under  ordinary  conditions,  when  the 
current  is  switched  off,  and  the  electrodes 
are  in  contact  again,  the  same  thing 
may  occur ;  and,  moreover,  Nemst 
filaments  are  distinctly  brittle  and 
become  much  distorted  after  they  have 
been  used  in  this  way  for  a  short  time. 

An  arc  lamp  between  two  Nernst 
rods  is,  as  will  be  shown  later,  a  very 


4  Ewald  Easch,  E.T.Z.,  22,  pp.  155  and  373,  1901. 
Verfarhen  zur  Erzeugung  von  elektrischen 
Licht. 

Ewald  Rascb,  D.R.P.  117214,  March  3rd,  1899, 

announced  Jan.  12th,  1901.   Verfahren  zur 

Erzeugung  von  Elektrischen  Bogenlicht. 
Ewald  Rasch,  D.R.P.  137788,  March  28th,  1899, 

announced  Jan.  9th,  1903.    Verfahren  zum 

Anlassen  vonElektrolyt-oderBogenlampejn. 
W.  Nernst,  E.T.Z.,  22,  p.  256,  1901,  Bei^^r- 

kungen  zur  Notiz  des  Herrn  Rasch. 
E.  Rasch,  Drud.  Ann.  der  Physik,  11,  p.  202- 

206,  1903,  Gasentladungen  an  elektroly- 

titchen  Gliihkorpern. 
B.  V.  Czudnochow&ki,  Berichte  der  Deutsdh. 

Physik.  Gesellschaft,  5,  p.  157-176,  1903, 

Flammen-  oder  Effektbogenlicht. 
E.  Rasch,  Berichte  der  Deutschen  Physik. 

Gesellschaft,  5,  p.  276-286,  1903,  Flammen- 

od^-r  Effektbogenlicht. 
J.  Stark,  Physikalische  Zeitschrift,  5,  p.  81-83, 

1904.  Ziindung  des  Liicbtbogens  an  Metall- 

oxyden. 

B.  V.  Czudnochowski,  Physikalische  Zeit- 
schrift,  5,  p.  99-103.  Uber  den  elektrischen 
Lichtbogen  zwischen  Leitern  zweiter 
Klasse. 

E.  Rasch   Physikalische  Zeitschrift,  5,  pp. 
375-379,  1904,  Gasentladungen  und  Licht- 
bogen mit  gliihenden    Leitern  zweiter 
Klasse  als  Stioinbasis. 
Zur  Pateiitlage  :~J.  L.  Roberts,  U.S.P.  460595, 
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.,       144968,  „ 
Sander.  D.R.P.  137576,  1899;  Brit.  3751,  1900, 

D.R.P.  148257,  1901. 
Canipagiiie  (ienerale  d' Electricite,  Paris,  Brit. 
17  15<J7,  1905. 


inefficient  means  of  producing  light. 
Still,  the  light  given  from  such  a  light 
would  be  considerably  greater  than 
that  due  to  the  arc  pure  and 
simple,  since  the  electrodes  themselves 
when  so  used  are  incandescent  almdst 
along  their  entire  length.  In  tact, 
photometrical  experiments  show  that 
the  main  source  of  light  is  not  the  arc, 
but  the  electrodes.  When  this  is 
realized,  it  becomes  evident  that  the 
arc  lamp  has  become  practically  a  glow 
lamp,  and  such  incandescent  filaments 
are  best  adapted  to  the  usual  form  of 
Nernst  lamp. 

A  more  hopeful  method  of  using 
metallic  oxides  to  form  arcs  was  that  of 
Stark'^  who  proposed  to  utilize  the 
principle  that  negative  electrions  are 
radiated  mainly  from  the  cathode, 
and  that,  therefore,  the  behaviour  of 
an  arc  is  mainly  controlled  by  the  latter,^ 
and  does  not  require  a  high  temperature 
at  the  anode.  The  researches  of  Gran- 
quist,^  Schulze,"^  and  Blondel,*^  have 
added  materially  to  our  knowledge 
of  the  processes  taking  place  in  the 
electric  arc.  The  nature  of  arcs  built 
up  between  various  metals  and 
metallic  oxides  has  also  been  dealt  with 
in  the  work  of  Steinmetz,^  Weedon,^" 
and  Whitney." 

Observations  on  a  large  number 
of  conditions  of  different  materials 
q^howed  that  the  quality  of  light  and  the 
..electrical  conditions  were  altered  quite 
(differently  according  as  a  certain 
,,  ^  .  . 

5  J.    Stark,    Drud.    Ann.    der    Physik,  12, 

pp  673  -713,  Zur  Kenntnissdes  Lichtbogens. 

6  G.    Grandquist,    Uber  die  Bedeutung  des 

VVarmeleitungsvermogens  des  Elektroden 
bei  dem  elektrischen  Lichtbogen,  Upsala, 
1903,  Akad.,  Buchdriickerei,  56  Seiten. 

G.  Schulze,  Drud.  Ann.  der.  Physik,  12  pp., 
828-841,  1903,  Spannungsverlutt  im  elek- 
trischen Lichtbogen. 
8  A.  Blondel,  Transactions  of  the  International 
Electrical  Congress,  St.  Louis,  1904. 

Vol.  11. ,  pp.  731-767,  Properties  and  Indus- 
trial applications  of  the  electric  arc,  ]>ro- 
duced  by  means  of  electrodes  of  carbon 
mixed  with  mineral  substances. 
»  C.  P.  Steinmetz,  l^he  Electrician.,  London,  51, 

pp.  171-172,  1903.   The  mercury  arc. 
Electorial  World,    43,    p.  974,  1904.  The 
Magnetic  Arc  Lamp. 

10  W.  S.  Weedon.   Electorial  Review,  (NY)  44, 

p.  6^^2-626,  1904.  A  contribution  to  the 
study  of  the  electric  arc. 

11  W.  R.  Whitney.  Transactionsof  the  American 

Electrochemical  Society,  p.  291-299,  1905. 
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material  was  used  for  the  anode  or 
(Ethode  respectively.  These  researches 
have  led  to  the  construction  of  the 
magnetite  arc  lamp. 

The  Magnetite-^aro  lamp,  manu- 
factured by  the  General  Electric  Co., 
utilises  an  arc  between  an  upper 
anode  of  copper  Trid  a  lower  cathode 
of  a  powdered  mixture  of  special 
composition.  This  composition  con- 
sists of  : — Magnetite  (Fe304)  65  per 
cent,  Titanium  oxide  (TiOg)  25 
per  cent,'  and  the  double  oxide  of 
chromium  and  iron  (FeO.  Cr203) 
10  per  cent.  This  mixture  is  pressed 
into  an  iron  tube.  The  dimensions 
of  the  anode^  are  so  selected  that  it 
does  not  become  appreciably  heated, 
and  therefore  does  not  furnish  any 
appreciable  amount  of  copper  s  to  the 
arc  ;  the  anodp,  therefore,  should  not 
waste  away  to  any  great  extent.  One 
difficulty  encountered  in  the  use  of 
magnetite  electrodes  is  the  deposition 
of  a  red-brownish  product  of  com- 
bustion (Fe203)  which  appears  in  long 
flakes  on  the  anode,  and  tends  also  to 
form  a  deposit  on  the  mechanism  and 
accessories  of  the  lamp.  Special 
measures  are,  therefore,  necessary  to 
protect  them  from  this  dust  and  also 
to  guard  against  the  deposition  of 
a  layer  of  brownish  dust  inside  the 
globe  of  the  lamp. 

The  efficiency  of  the  magnetite  lariip 
can  be  controlled  within  considerable 
limits,  and  was  so  selected  as  to 
enable  the  lamp  to  compete  as  regards 
cost  of  energy  with  other  commercial 
illuminants.  The  life  of  an  electrode, 
16  millimetres  in  diameter,  200  milli- 
metres in  length,  and  consuming 
4  amperes  with  75  volts  across  the  arc, 
is  about  150  hours.  The  mean  hemi- 
spherical candle-power  of  the  lamp 
under  these  conditions  is  about  400H.K. 
without  the  globe.  Magnetite  arc 
lamps  have  found  wide  application  in 
the  United  States.^'"^ 
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Experiments. 

In  order  to  study  the  value  of  various 
metallic  oxides  for  the  generation  of 
light,  and  to  utilise  them  in  a  form 
which  enables  an  arc  to  be  built  up 
without  any  special  subsidiary  devices, 
the  various  materials  were  reduced  to  a 
fine  powder  and  pressed  into  a  cylin- 
drical tube   10  millimetres  diameter 
and  0*2  milh metres  thick.    These  tubes 
formed  the  cathode  of  the  arc  investi- 
gated.   Unless  anything  is  said  to  the 
contrary,  it  will   be  assumed  in  this 
article  that  the  anode  was  the  upper 
and  the  cathode  the  lower    of  the 
t\^o  electrodes.  Throughout  this  experi- 
ment the  anode  consisted  of  a  slab  of 
copper     5     millimetres    thick  and 
50  millimetres  in  diameter.    In  order 
to  render  the  cathodes  serviceable  for 
further  experiments,  the  following  pro- 
cess  was   carried  out.    The  arc  was 
struck  between  an  iron  tube  filled  with 
metallic  oxide  and  some  other  metallic 
electrode,  the  edge  of  the  iron  tube 
being  between  2  to  3  millimetres  higher 
than  the  core  of  oxide  powder.  Under 
these  conditions  the  arc  was  easily 
struck,  the  edge  of  iron  melted  away 
and  the  arc  then  settled  on  to  the  core 
and  melted  the  oxide  ;   after  a  short 
time  the  electrode  consisted  of  a  more 
or  less  liquid  cup  of  molten  oxide,  con- 
taining a  certain  amount  of  iron.  After 
cooling  the  electrodes  so  treated  almost 
invariably  enabled  an  arc  to  be  started 
and  maintained  from  a  220  volt  circuit 
and  in  the  cold  state.    Calcium  fluoride, 
however,  gave  rise  to  a  glassy  slaggy 
surface  which  did  not    enable  an  arc 
to  be  struck.    In  the  case  of  certain 
pure  metallic  oxides,  such  as  those 
of  calcium,    magnesium,  aluminium, 
thorium,   &c.,  the  surface  was  non- 
conducting. 

Since  the  researches  of  Dr.  Stein- 
mitz  had  shown  that  a  magnetite  arc 
was  a  comparatively  good  light  pro- 
ducer and  as,  in  addition,  powdered 
magnetite  was  known  to  be  a  good  elec- 
tric conductor  in  the  cold  state,  it  was 
considered  advisable  in  the  researches 
now  to  be  described  to  utilise  this 
material  as  the  basis  of  the  mixture 
employed  and  to  add  to  it  various 
metallic  oxides  in  suitable  portions. 
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In  each  case  an  arc  taking  80  volts  candle-power  was  always  the  approxi- 

and  4  amperes  was  maintained   from  mate  maximum.    For  the  same  reason 

the  supply  P.D.   of  220   volts,  the  the  nature  of  a  polar  curve  of  light 

horizontal     candle-power    in    Hefner  distribution   was    approximately  the 
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candles  being  measured  in  each  case 
by  means  of  the  Weber  Photometer. 

Since  the  light  of  the  arc  studied  was 
invariably  derived  from  the  column 
of  luminous  vapour  and  not  from  the 
crater  of  the  electrode  the  horizontal 


same  in  the  case  of  the  different 
electrodes.  A  fairly  satisfactory  com- 
parison of  the  light  in  each  case  could 
thus  be  made  in  terms  of  horizontal 
candle-power.  It  must,  however,  be 
pointed  out  that  these  figures  are  not 
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directly  comparable  with  those  obtained 
for  an  ordinary  open  pure  carbon  arc 
since  the  curve  of  light  distribution  is 
in  this  case  essentially  different,  most 
of  the  light  coming  from  the  incandes- 
cent crater.  The  majority  of  the  light 
is  then  thrown  downwards,  and  there- 
fore a  comparison  with  the  metallic 
arc,  in  terms  of  horizontal  candle- 
power,  would  be  too  unfavourable 
to  the  carbon  arc.  In  comparing 
the  two  types  of  arcs  due  considera- 
tion must,  therefore,  be  given  to  the 
polar  curve  of  light  distribution  and  a 
comparison  should  preferably  be  made 
in  terms  of  mean  spherical  or  mean 
hemispherical  candle-power. 

The  following  materials  were  em- 
ployed : — 

Aluminium  oxide  (Alg  O3),  white. 

Calcium  oxide  (Ca  0),  white. 

Cerium  oxide  (Ce  Og),  yellowish-white. 

Ferro-chromium  oxide  (FeO  O3) 
grey-brown. 

Chromium  oxide  (Cr^  O3),  green. 

Cobalt  oxide  (Co  0),  black. 

Iron  oxide  {Fe^  O3),  red-brown. 

Erbium  oxide  (Er^  O3),  bright  red. 

Cupric  oxide  (Cu  0),  black. 

Cuprous  oxide  (Cug  0),  red. 

Magnesia  (Mg  0),  white. 

Magnetite  (Fcg  OJ,  black. 

Manganic  Oxide  (Mn.2  O3),  black. 

Manganese  dioxide  (Mn  Og),  black. 

Nickel  oxide  (Ni  0),  greyish  green. 

Tantalum  dioxide  (Ta  O2),  white. 

Titanium  oxide  (Ti  Og),  yellow-brown. 

Thorium  dioxide  (Th  Og),  white.     i  ■ 

Uranium  oxide  (U  O3),  red. 

Yttrium  oxide  (Yg  O3),  yellowish  white. 

Vanadium  oxide  (Vg  O3),  brown. 

Tungsten  dioxide  (W  Og),  brownish 
black. 

Tungsten  trioxide  (W  O3),  yellow. 

Zinc  oxide  (Zn  O),  white. 

Zirconium  oxide  (Zr  Og),  white. 

In  Figs.  1,  2,  and  3,  the  abscissae 
represent  the  percentage  of  special 
material  which  has  been  added  to  the 
magnetite  cathode.  The  ordinates  de- 
note horizontal  candle-power  and 
represent  the  mean  of  a  large  number 
of  readings.  It  is  naturally  impossible 
to  regard  these  figures  as  extremely 
accurate,  since  in  many  cases  the  arc 
light  was  somewhat  unsteady.  This 
was  particularly  characteristic  of  the 


group  of  oxides  for  which  the  cathode 
was  in  a  completely  molten  condition 
while  the  arc  was  produced,  for  example 
calcium  oxide.  In  such  cases  periodic 
movements  and  alterations  in  the 
cathodic  surface  give  rise  to  con- 
siderable fluctuations  in  the  light.  In 
the  case  of  the  less  volatile  metallic 
oxides,  for  example  zirconium  oxide, 
it  is  only  the  portion  of  the  surface  on 
which  the  arc  is  actually  burning,  that 
is  molten.  The  arc  thus  bums  from 
a  pool  surrounded  by  solid  material. 
Hence,  in  shifting  its  position,  it  is  apt 
to  form  new  pools  in  different  parts 
of  the  surface,  which  therefore  comes  to 
assume  a  very  rugged  character.  It 
will,  therefore,  be  readily  understood 
that  under  these  conditions  the  length  of 
the  arc  could  not  be  measured  with  any 
great  accuracy  even  when  the  corres- 
ponding current  and  p.d.  were  rigidly 
specified. 

Another  source  of  error  is  introduced 
by  the  difference  of  colour  gf  the  light 
yielded  by  various  arcs,  as  compared 
with  the  standard  ;  in  this  case  benzine 
lamps  and  Osram  incandescent  lamps 
were  used.  Arcs  which  yield  mainly 
blue  and  green  light  can,  of  course, 
hardly  be  said  to  have  a  direct  bearing 
on  practical  conditions  ;  in  reality  it  is 
only  possible  to  compare  the  brightness 
of  such  sources  by  suitable  spectro- 
photometric  measurements  of  light  of 
different  wavelengths. 

Under  the  electrical  conditions  speci- 
'fied  magnetite  gave  a  very  quiet  arc, 
"yielded  light  of  a  white  colour  tinged 
with  blue,  and  developed  a  horizontal 
candle-power  of  about  300  H.K.  In 
Figs.  1  to  3  the  results  of  experiments  on 
other  metallic  oxides  are  given.  One 
can  see  from  Figures  1  and  2  that  the 
addition  of  most  of  the  oxides  studied 
has  the  effect  of  reducing  the  light 
from  the  magnetite,  and  it  is  pro- 
portionately diminished  the  greater  the 
addition  of  foreign  material.  It  is  only 
the  oxides  of  certain  rare  metals, 
such  as  Ce  Og,  Yg  O3,  Vg  O5,  Ti  Og, 
VO3,  WOg,  WO3,  as  shown  in  Fig.  3, 
which  exhibit  a  higher  luminous  effect 
than  magnetite. 

The  candle-power  yielded  by  most 
pure  metallic  oxides  without  the 
addition  of  magnetite  (for  examples  : 
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Ca  0,MgO,  AlA,  Co  O,  M  0,  Mn.,  O3, 
in  Fig.  1),  is  very  small.  This  fact 
seems  the  more  remarkable  because 
most  of  these  materials,  especially 
MgO,  CaO,  ZrOs,  AI2O3,  have  been 
referred  to  very  hopefully  by  many 
applicants  for  patents  from  1880  up- 
wards. The  behaviour  of  the  metallic 
oxides  as  producers  of  light  when  the 
material  luminesces  in  the  arc  seems, 


similar  results,  but  in  this  case  the  limit 
of  improvement  is  reached  nearer 
50  per  cent.  It  seems,  therefore,  that 
we  have  here,  in  this  improvement  of  the 
luminous  efficiency  of  the  arc  by  the 
addition  of  various  metallic  oxides, 
a  phenomenon  somewhat  similar  to  that 
which  is  to  be  noted  in  the  effect  of 
mixtures  of  oxides  in  the  incandescent 
mantle.    An  incandescent  mantle  com- 
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however,  to  be  distinctly  different 
from  that  exhibited  when  they  are 
brought  to  incandescence  in  the  solid 
state. 

The  course  of  the  curve  for  zir- 
conium oxide  is  shown  in  Fig.  3. 
Additions  up  to  60  per  cent,  improve 
the  candle-power  of  the  magnetite  arc, 
but  higher  percentages  cause  diminu- 
tion.   The  zinc  oxide  gives  riae  to 


posed  of  thorium  oxide  alone  is  known 
to  give  practically  no  light  at  all.  The 
high  lumious  efficiency  of  the  mantle  is 
due  to  the  addition  of  small  traces  of 
cerium  oxide.  Thus  the  addition  of  one 
per  cent,  of  cerium  to  99  per  cent,  of 
thorium  oxide  gives  rise  to  the  maxi- 
mum luminous  effect,  but  each  addi- 
tion of  cerium  oxide  beyond  this  point 
causes  the  light  to  diminish  moxe  and 
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more ;  eventually,  when  10  per  cent, 
of  cerium  oxide  has  been  added,  there 


Percentage  of  added  material. 

Fig.  3. 


is  again  practically  no  light  produced. 
Titanium  oxide  (Ti02)  is  an 
excellent  light  producer. 
It  will  be  noted  in  Fig.  3 
that  each  addition  of  this 
material  to  the  magnetite 
causes  an  improvement  in 
the  light  until  the  maxi- 
mum effect  is  reached  by 
the  pure  titanium  oxide 
alone.  It  will  be  noted 
that  while  the  addition  of 
magnetite  to  metallic 
oxides  of  the  type  referred 
to  in  Figs.  1  and  2,  con- 
stitutes an  improvement, 
the  addition  of  magnetite 
to  titanium  oxide  leads  to 
deterioration  in  the  light. 
In  the  same  way  all  those 
metallic  oxides  referred  to 
in  Fig.  3  [e.g.,  Y,0,,  VA, 
CeO^,  VO3,  WO.,)  are  to 
some  extent  spoilt  as  pro- 
ducers of  light  by  the 
addition  of  magnetite. 
The  apparent  trifling  im- 
provement in  the  light 
characteristic  of  50  per 
cent.  Fe304,  and  50  per 
cent.  V2O5,  and  also  50 
per  cent  Fe304  and  50  per 
cent  VO3,  may  be  caused 
by  incomplete  mixture  of 
the  two  materials  at  the 
cathode. 

At  the  conclusion  of  this 
research  of  metallic  oxides 
several  other  refractory 
substances,  the  addition  of 
which  to  the  arc  has  often 
been  suggested,  were 
studied.  These  were  ex- 
amined in  exactly  the 
same  way  as  those 
materials  treated  in  Fig.  1 
to  3,  being  enclosed  in  an 
iron  tube  and  utilised  with 
the  copper  anode.  They 
gave  rise  to  the  following 
luminous  intensities  : — 
Carborundum,  100 

cent,  75  H.K. 
Fire  clay    . .     100  per 

cent,  48  H.K. 
Kaolin       . .     100  per 
cent,  50  H.K. 


per 


100  percent. 
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By  the  addition  of  magnetite  to  these 
materials  the  luminous  intensity  was 
improved ;  yet  it  was  always  less  than 
that  of  the  pure  magnetite.  Calcium 
fluoride,  which  has  found  a  wide 
application  in  the  cores  of  flame  carbons 
of  the  production  of  yellow  light,  gave 
in  a  pure  condition  a  higher  luminous 
intensity  than  titanium  oxide,  namely, 


1940  H.K.  at  80  volts  and  4  amperes. 
The  addition  of  magnetite  causes  the 
luminous  intensity  to  fall  rapidly, 
90  per  cent  of  magnetite  and  10  per  cent 
of  calcium  fluoride  giving  only  450  H.K. 

The  pure  metals  are  relatively  bad 
producers  of  light.  In  Table  I  will  be 
found  the  results  of  experiments  on 
several  such  metals. 


Table  I. 

Various  Metallic  Arcs  (Current  4  amps.,  P.D.  across  arc  83  volt8\ 


Cathode. 

Anode. 

Horizontal 
Candle-power. 

Colour  of 
Light. 

Iron  Rod, 
10  mm.  diam. 

iron  Rod, 
10  mm.  diam. 

107  H.K. 

Bluish. 

« 

Copper  Rod, 
10  mm.  diam. 

141  „ 

!> 

Iron  Tube,  10  mm.  diam., 
filled  with  fine  iron 
powder. 

5) 

99  „ 

J> 

Copper  Rod, 
10  mm.  diam. 

» 

25  „ 

Green. 

Aluminium  Rod, 
6  mm.  diam. 

28  „ 

Bluish-Green. 

Iron  Tube,  10  mm.  diam., 
filled  with  magnesium 
powder. 

169  „ 

Bluish. 

Silicon  block. 

5' 

80  ., 

Yellowish. 

Iron  Tube,  10  mm.  diam., 
filled  with  titanium 

549  „ 

Yellowish-White. 

powder. 

Iron  Tube,  10  mm.  diam., 
filled  with  tungsten 

196  „ 

Bluish. 

powder. 

{To  he  continued.) 


The  Association  of  Engineers  in  Charge. 


The  Annual  Dinner  of  the  Association 
of  Engineers-in-Charge  will  take  place 
in  the  King's  Hall,  Holbom  Restaurant, 
London,  W.C.,  at  6  p.m.,  on  Saturday, 
April  9th.  Tickets  for  the  dinner, 
over  which  the  President,  Henry  Adams, 
Esq.,  M.Inst.C.E.,  M.I.Inst.,  M.E.,  i&c, 
will  preside  with  the  Right  Hon.  the 


Lord  Mayor,  and  the  Sheriffs  of  the 
Corporation  of  London  as  the  guests 
of  the  evening,  can  be  obtained  by 
addressing  the  Hon.  Secretary  at  St. 
Bride's  Institute,  E.G.,  to  whom  an 
early  application  by  members  and 
friends  should  be  made. 
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The  Distribution  of  Energy  in  the   Spectra  of 
Commercial  lUuminants. 

By  W.  W.  COBLENTZ. 
(The  following  paper  has  been  kindly  presented  by  Dr.  vv.  Coblentz,  of  the  Bureau  of  Standards,  Washington, 
U.S.A.,  as  a  communication  for  discussion  at  the  hands  of  ^hc  illttmutatlltQ  (guguucnng  ^OCXttV. 
The  paper  is  an  exceptionally  exhaustive  one,  and  will  be  continued  in  subsequent  numbers  of  this  journal.  It 
is  hoped  that  a  special  opportunity  for  discussion  will  be  provided  when  this  paper  has  been  concluded. 
Meantime  we  shall  be  glad  to  receive  any  communicated  reEiarks  on  the  subject,  which  we  will  subsequently 
submit  to  Dr.  Coblentz  for  final  comment.— Ed.) 

{Continued  from  p.  155.) 


Emission  Spectea  of  Flames. 

The  finding  of  sharp  emission  bands 
in  solids  was  entirely  unexpected,  for 
only  in  gases  was  it  supposed  that  such 
sharp  bands  could  exist.  Under  the 
present  heading  we  shall  consider  the 


tylene  flame  gives  an  intense  continuous 
spectrum  due  to  the  presence  of  the 
incandescent  carbon  particles,  with  a 
maximum  emission  at  1'2  /x.  Upon 
this  continuous  spectrum  is  superposed 
an  intense  emission  band  of  CO^ 
with  a  maximum  at  4-4  /x.    The  inden- 


SJ  3  4  S/i 

Fig.  9.— Radiation  from  Acetylene  Flame  (a)  from  Hefner  (&)  and  Bunsen  (c). 


0         Visible  1 
Spectrum 


emission  spectra  which  result  from  the 
combustion  of  gases  with  the  accompani- 
ment of  variable  quantities  of  incan- 
descent solid  carbon  particles.  Such 
energy  curves  are  given  in  Fig.  9, 
curves  a  =  acetylene,  h  =  Hefner,  c  = 
Bunsen  flame,  respectively.    The  ace- 


tations  of  the  curve  at  1  to  3  /x  are  due 
to  atmospheric  absorption  bands  of 
water  and  of  carbon  dioxide.  The 
Hefner  flame  is  weak  in  visible  radia- 
tion due  to  the  absence  of  carbon 
particles,  and  hence  the  energy  curve 
at  1  to  2  /X  is  very  weak.    The  emis- 
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sion  band  of  the  hot  carbon  dioxide 
occurs  at  4*36  /x  and  is  as  intense  as  that 
of  the  acetylene. 

In  the  Bunsen  gas  flame  all  the 
carbon  is  consumed  and  no  luminous 
radiation  is  emitted.  The  products 
of  combustion  are  water  vapour  and 
carbon  dioxide.  Practically  all  the 
radiation  from  this  flame  is  emitted  by 
the  carbon  dioxide  bands,  c,  c  at 
2*75  [i  and  4*4  /a  respectively^  .kjm; 

Arc  Emission  Spectra.  - 
The  partition  of  energy  in  arc  spectra 


terized  by  a  group  of  strong  emission 
lines  just  beyond  the  visible  spectrum, 
as  shown  in  the  spectrum  of  potassium, 
Fig.  10,  followed  by  a  weak  emission  at 
2  to  3 /A.  Using  a  large  dispersion, 
recent  experimenters  have  been  able 
to  resolve  the  weak  continuous  emis- 
sion into  distinct  lines.  The  band  at 
4*55 /X  is  found  in  common  in  all 
spectra  of  metals  in  the  carboil '  arc^; 
and  is  due  to  carbon  dioxide.  The 
importance  of  the  results  of  these 
observations  lies  in  the  information 
given  as  to  the  probable  temperature 
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Fig.  10. — Potassium  (in  carbon  arc)  Copper  Arc  (upper  curve). 


occurs  in  sharp  lines  often  superposed 
upon  a  weak  background.  The  strong 
continuous  spectrum,  if  present,  comes 
from  the  electrodes.  This  is  well 
illustrated  in  the  carbon  arc.  The  pure 
carbon  (graphite)  vapour  emits  intense 
bands  in  the  violet  and  ultra-violet,  the 
hot  electrode  giving  a  continuous 
spectrum.  Impurities  of  metals,  whether 
accidental  or  whether  introduced  pur- 
posely, as  in  the  latest  form  of  "  flaming 
arcs,"  impart  colour  and  raise  the 
luminous  efficiency  of  arc  lights.  The 
arc  spectra  of  the  metals  are  charac- 


of  the  metal  vapours.  Since  most 
of  the  intense  lines  are  shifted  up  close 
to  the  visible  spectrum,  following  the 
analogy  with  the  observations  on  the 
oxides  and  other  radiators  in  which  the 
emission  lines  in  the  short  wave-lengths 
appear  with  rise  in  temperature,  it  is 
inferred  that  a  temperature  of  about 
3,000°  C.  obtains  in  the  metals  in  carbon 
arcs. 

Copper^  produces    but  little  oxide 


'  Coblent/. :  Investigation  of  Infra-Red  Spectra. 
Carnegie  Publication  No.  35,  p.  303. 
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when  an  arc  is  formed  between  metal 
electrodes.  Its  low  luminous  efficiency 
is,  therefore,  due  to  some  other  cause 
than  an  excessive  emission  of  infra-red 
rays  in  proportion  to  the  visible  light 
emitted.  The  spectral  energy  curve  of 
the  vapours  from  an  arc  using  copper 
electrodes  is  shown  in  Fig.  10,  from 
which  it  will  be  seen  that  the  band  in  the 
visible  spectrum  is  as  strong  as  the 
infra-red. 

The  transparency  of  the  human  eye  for 
ultra-violet  and  infra-red  rays  has  been 
the  subject  of  numerous  investigations.^ 
For  the  ultra-violet  the  cornea  and 
crystalline  lens  are  more  opaque  than 


radiation  to  wave-length  0*8 /x.  One 
must,  therefore,  conclude  that  the 
retina  is  not  sensitive  to  1*4  /x  in  the 
infra-red.  The  human  eye  is  almost 
2  cm.  thick,  and  hence  if  composed  of 
water  only  would  not  permit  infra- 
red waves  longer  than  1'5  /x  to  reach 
the  retina.  When  light  is  suddenly 
flashed  into  the  eye,  for  example, 
as  would  occur  on  a  short  circuit  arc,  the 
eye-lid  is  instantly  and  involuntarily 
closed.  If  the  short  circuit  arc  occurs 
on  heavy  conductors  they  would  not 
be  sufficiently  heated  (before  the  eye 
is  warned)  to  send  out  heat  waves 
that  can  penetrate  to  the  retina.  If 


Fig.  11. — Mercury  Arc. 


the  aqueous  and  the  vitreous  humours. 

The  combination,  forming  the  com- 
plete eye,  transmits  to  the  retina  wave- 
lengths as  short  as  0'3  jx.  The  most 
complete  investigation  of  the  trans- 
parency of  the  eye  to  infra-red  radia- 
tion was  made  by  Aschkinass.^  He 
found  the  eye  transparent  to  1.4  /-t 
in  the  infra-red,  where  occurs  the  first 
large  absorption  band  of  water.  Helm- 
hpltz    found    that    the    eye  detects 

2  See  Kayser's  Handbuch  der  Spectroscopic, 
vols.  1  and  3. 

^  Aschkinass,  Ann.  der  Physik,  (3)  55,  p,  401, 
1895. 


the  conductors  are  actually  melted 
(melting  point  of  copper  is  1,063°  C), 
the  maximum  energy  lies  in  the  region 
of  2*1  fx,  so  that  but  an  extremely 
small  amount  is  of  wave-lengths  shorter 
than  1"4  /A,  and  hence  can  impinge  upon 
the  retina  and  shock  the  optic  nerve. 
Furthermore,  the  chances  are  that  the 
eye  would  be  closed  involuntarily,  as  a 
result  of  the  flash  of  light  before  the 
conductors  could  become  sufficiently 
heated,  even  assuming  that  the  radia 
tion  from  the  latter  can  penetrate  to  the 
retina.  Since  the  vapour  has  prac- 
tically no  infra-red  radiation,  it  seems 
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as  though  we  must  look  elsewhere  for  an 
explanation  of  the  fatigue  and  pain 
caused  by  short  circuit  arcs.  For 
a  physiological  effect  of  infra-red 
radiation  from  short  circuit  arcs  on 
the  eye^  is  highly  improbable. 

In  commercial  work  probably  the 
majority  of  accidental  arcs  occur  on 
short  circuits  of  copper  or  brass  con- 
ductors, often  in  dimly  lighted  places. 
Now,  the  dominant  colour  of  the  copper 
arc  is  yellowish  green,  and  hence  is  the 
most  violent  stimulus  to  the  eye  (since 
the  latter  is  the  most  sensitive  to  the 
yellowish  greenish  part  of  the  spectrum) 
and  it  seems  more  probable  that  the 
sudden  blow  of  this  light  is  the  cause  of 
injury  to  the  optic  nerve.  While  photo- 
graphing the  light  of  the  fire-fly,  which 
required  one  to  stay  in  a  dark  room  for 
several  hours,  it  was  found  that  the 
pupil  became  so  dilated  that  the  sudden 

*  According  to  the  report  of  the  Illuminating 
Engineering  Society's  proceedings  given  in  the 
Electrical  World,  Oct.  7,  1909,  p.  820,  Steinmetz, 
in  examining  into  the  physiological  effects  of 
radiation,  concludes  that  in  the  case  of  a  short 
circuit  arc  the  blow  to  the  eye  can  be  said 
to  be  due  almost  exclusively  to  the  infra  red 
radiation. 

{To  he  c 


flash  of  light  from  this  insect  was  painful 
to  the  eye,  the  unpleasant  effects  lasting 
for  a  day  or  more. 

The  mercury  arc  is  similar  to  that  of 
other  metals.  It  has  several  small 
emission  bands  at  li^i,  so  that  the  ratio  of 
its  luminous  radiation  to  its  total  radia- 
tion is  quite  high.  The  infra-red 
emission  spectrum,  Fig.  II,  was  first 
observed  by  Coblentz  and  Geer^  at 
a  time  when  the  existence  of  infra-red 
emission  lines  of  metals  was  still 
doubted.  They  used  an  old  type  of 
Arons  lamp  open  to  a  mercury  pump. 
Subsequent  observers,  notably  MolP 
and  Paschen'  have  not  been  able  to 
find  the  line  recorded  at  1*05  /x  in 
Fig.  II,  which  is,  in  common  with  a 
nitrogen  line  found  in  a  vacuum  tube, 
to  be  considered  hereafter.  All  agree 
in  locating  weak  lines  out  to  about  2  /x. 
The  most  intense  lines  lie  in  the  region 
of  1  /X,  as  in  the  metals  in  the  carbon 
arc. 

"  Coblentz  and  Gear,  Phys.  Zeit.,  4,  p.  257, 
1903. 

6  Moll,  '  Dissertatira,'  Utrecht  1907. 

'  Paschen,  Ann.  der  Phy.o.  (4)  27,  p.  537, 
1908. 

ntinued.) 


.  The  Illumination  of  Avenues  in  Parks  by 
Holophane-Tungsten  Units. 


The  accompanying  illustration  shows 
a  method  of  lighting  public  squares  and 
avenues  in  parks,  &c.,  which  has  recently 
found  favour  in  the  United  States. 
Each  column  supports  several  Holo- 
phane  spheres.  The  sphere  at  the  top 
is  40  inches  in  diameter,  and  lighted 
by  a  lOO-watt  Mazda  lamp.  The 
four  12-inch  Holophane  spheres  below 
this  each  contain  a  60-watt  lamp  of 
the  same  kind. 

The  essential  feature  of  this  method 
of  lighting  is  that  a  very  satisfactory 
and  uniform  ground  illumination  is 
produced,  and  the  intrinsic  briUiancy 
of  the  source  is  also  very  considerably 
reduced. 
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The  Determination  of  Mean  Spherical  Candle-Power. 

By  an  Engineering  Correspondent. 
(Continued  from  p.  34.) 


The  Russell  Leonard  Photometer, 

Developed  by  A.  Russell*  in  England, 
and  Leonard  in  America.  The 
Matthews  photometer  is  so  designed 
that  the  angular  distance  between 
each  pair  of  mirrors  is  the  same,  \\'ith 
the  result  that  the  horizontal  portions 
of  the  polar  curve  are  not  so  accurately 
allowed  for  as  those  more  nearly 
vertical.  Hence  Russell  places  his 
mirrors  at  the  centre  of  zones  all 
having  the  same  surface  in  the  sphere, 
with  the  result  that  the  same  degree 
of  accuracy  is  obtained  with  a  much 
smaller  number  of  mirrors. 

The  best  positions  of  the  mirrors 
are  found  as  follows,  to  take  a  parti- 
cular   case  : — 


Fig.  6. 

Divide  the  surface  of  a  sphere 
described  round  the  source  into  eight 
equal  zones  ;  these  zones  will  all  be 
of  the  same  height  and  hence  will 

*  A.  Russell,  'Mean  Horizontal  and  Mean 
Spherical  Candle-Power,'  Proc.  Inst.  Elec.  Eng., 
Vol.  XXXII.,  p.  631. 


divide  the  vertical  diameter  into  eight 
equal  parts. 

Through  the  centres  of  these  parts 
draw  perpendiculars  meeting  the 
surface  in  Pj  P.2  P3,  &c. 

Then  we  may  assume  that  the  candle 
powers  in  the  directions  SPi,  SP2,  SP3, 
&c.,  are  all  equally  important. 

Hence 

M.S.C.P. 

where  the  r's  are  the  intensities  in  the 
corresponding  directions. 

The  appropriate  angles  at  which  the 
mirrors  should  be  placed  are  given  by  : 
Sin  i^,=i,  Sin  Sin  ^3=!.  Sin  ^4=!, 

corresponding  to  angles  7*2°,  22°,  38' 7°, 
61°. 

For  all  practical  purposes  ten  mirrors 
are  sufficient,  the  angles  then  being 
5-7°,  17-5°,  30°,  44-4°,  and  64-2°  above 
and  below  the  horizontal. 

In  the  actual  photometer  used  in 
practice  the  alternate  mirrors  are  placed 
in  opposite  quadrants  in  order  to 
reduce  the  diameter  of  the  apparatus. 




i 


Fig.  7. 


Fig.  7  shows  the  arrangement  of  one 
set  of  mirrors,  S  being  the  source, 
M1M2  the  mirrors  and  P  the  photometer 
screen.  P  is  so  far  from  S  that  the 
angle  SPM  is  too  small  to  be  taken 
account  of. 

The  apparatus  is  compact  and  simple 
and  the  remarks  on  the  Matthews 
photometer  are  again  applicable  to 
this  instrument. 
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The  Ulbricht  Globe  Photometer. 

The  Globe  Photometer,  introduced 
some  ten  years  ago  by  Prof.  Ulbricht, 
is  now  extensively  used  in  Germany 
for  measuring  the  mean  spherical  inten- 
sity.* The  instrument  consists  of  a 
large  globe,  about  1*5  metres  diameter, 
painted  inside  with  a  dead  white 
surface  and  supplied  with  means  of 
inserting  arc  lamps  and  other  sources 
of  light.  In  addition  to  smaller  open- 
ings for  hand,  holes,  &c.,  there  is  an 
opening  from  4  to  10  cms.  in  diameter 
closed  by  a  milk  glass  screen  F  (Fig.  8). 


The  brightness  of  the  screen  may  be 
measured  by  comparison  with  a  stand- 
ard lamp  on  an  ordinary  photometric 
bench,  or  the  screen  may  be  removed 
and  an  illumination  photometer^  such 
as  the  Weber,  directly  applied  to  the 
aperture  in  the  globe. 

The  fact  that  the  interior  of  the 
globe  is  equally  illuminated  may  be 
thus  proved  : — 

Let  I  and  II  (Fig.  9)  be  two  small 
surfaces  of  unit  area  on  the  interior 
surface  of  the  sphere,  inclined  to  one 
another  at  an  angle  2f. 


Fig.  8.    {Reproduced  from  '  The  Ilhmina\ 

This  window  is  protected  from  direct 
light  from  the  source  L  by  a  white 
card  screen  B,  just  large  enough  to 
effect  this  result.  Under  such  circum- 
stances the  whole  of  the  interior  of  the 
globe  is  of  the  same  brightness  and 
hence  the  brightness  of  the  milk  glass 
screen  mentioned  above  is  proportional 
to  the  mean  spherical  candle-power. 

*  For  an  account  of  this  instrument  sec 
also  Dr.  L.  Bloch,  «  The  Globe  Photometer  in 
Practical  Photometry,'  Illvvi.  Enrj.,  Vol.  I., 
p.  274 ;  '  On  the  Theory  of  the  Globe  IMioto- 
irieter,  ibid. ,  p.  553  ;  Corsepins  on  '  Mean  Hemi- 
spherical Candle-Power,'  ibid.,  p.  801;  Sharp 
and  Millar,  '  The  Integrating  Sphere  in  Indus- 
trial J*hotomotry,'  ibid.^  p.  1031. 


ing  Engineer;  Lond.,  Vol.  Z,  1908,  p.  276.)  \ 

Let  L  be  the  position  of  the  source, 
and  r  the  radius  of  the  sphere. 

I  is  illuminated  from  L  and  receives 
the  luminous  flux  B,  in  consequence  of 
which  it  attains  a  surface  brightness  H,. 

As  seen  from  II  by  diffused  light  its 
intensity  will  be  Hj  cos  and  as  the 
light  from  I  will  be  incident  on  II  at 
an  angle  (^-i^),  the  intensity  of 
illumination  of  II  due  to  I  will  be 
Hi  cos'^  ^  ^  Hi_cos2J>  ^  Hi 
S2         4r2  cos2  ^  4r2 

being  independent  of  y,  and  hence  the 
same  for  all  parts  of  the  globe. 

Hence   the  globe   will  be  equally 
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illuminated  at  all  points  on  its  interior  to  correct  for  any  change  in  the  cha- 
surface.  racter  of  the  interior  surface  of  the 

No^v  let  F  be  the  total  flux  of  light  g^^^^-  ^he  coating  should  be  chosen 
emitted  from  the  source  L  ;  then,  if 
a  is  the  co-efficient  of  absorption  of  the 
coating  of  the  globe,  the  total  flux 
in  the  globe  due  to  the  successive 
reflections  is 

F(l~a)  +  F(l-af  +  F(l-af  +  


Hence  the  intensity   of  illumination 
due  to  reflected  light  on  any  element  of 
the  interior  surface  is 
F(l-a) 

It  is  therefore  only  necessary  to  screen  fig.  9.  {Revrod^iced  from  '  The  Ilhiminating 
some   part  of  the   surface  from   the        Engineer' Lond.,  Vol.  I.,  1908,  p.  553.) 


Fig.  10.— The  Ulbricbt  Globe. 
{Reproduced  from  '  The  Illuminating  Engineer^  Lond.,  Vol  7.,  1908,  p.  557.) 


direct  light  to  obtain  an  intensity  of 
illumination  proportional  to  the  total 
flux  emitted  by  the  source  L,  this 
illumination  being  quite  independent 
of  the  position  of  L  within  the  globe. 

In  using  the  globe  the  constant  of 
the  instrument  must  be  determined 
by  means  of  a  previously  calibrated 
test  lamp.  The  value  of  this  constant 
should  be  checked  at  frequent  intervals 


of  some  material  which  will  not  readily 
darken  in  colour  and  which  has  a  good 
dull  matt  surface  to  prevent  regular 
reflections.  The  opaque  screen  used 
to  cut  off  direct  light  from  the  observa- 
tion window  should  not  be  larger  than 
is  necessary.  For  glow  lamps  and 
similar  small  sources  of  light  a  sphere 
1  metre  in  diametre  is  sufficient,  but 
for  arc  lamps  enclosed  in  diffusing 
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globes,  &c.,  a  diameter  of  1'5  to  2 
metres  is  necessary  for  accuracy. 

The  globe  may  be  used  to  measure 
mean  hemispherical  candle-power  by 
obscuring  half  the  source  with  a  box, 
black  inside  and  white  outside,  or  by 
raising  the  lamp  until  it  is  partly 
inside  and  partly  outside  the  globe,  the 
plane  of  the  opening  in  the  globe  passing 
through  the  centre  of  radiation  of  the 
luminous  source.  The  advantages  of 
the  Ulbricht  sphere  are  that  no  dark- 
ening of  the  photometer  room  is  neces- 
sary, and  that  less  skill  is  required  in 
the  setting  up  of  the  instrument  than 
with  the  Matthews  photometer.  Also 
no  rotation  of  the  source  is  necessary 
and  no  trouble  is  experienced  due  to 
the  w^andering  of  the  arc  when  testing 
arc  lamps.    Its  disadvantages  are  the 


large  amount  of  room  taken  up  and 
its  unsuitability  for  obtaining  polar 
curves  of  the  source. 

To  sum  up  : — 

For  experiments  on  isolated  lamps 
in  which  the  fullest  information  as  to 
light  distribution  is  required,  the  point- 
by-point  method  combined  with  one  of 
the  graphical  constructions  described 
above  would  be  the  most  suitable. 

Where  many  lamps  of  the  same  type 
are  under  observation  a  photometer 
of  the  Matthews  type  will  give  the 
most  detailed  information  in  the  hands 
of  a  skilled  experimenter,  although 
under  commercial  conditions  the 
Ulbricht  globe  would  probably  prove 
the  more  reliable  instrument. 

G.  B.  D. 


Experiments  on  the  Ulbricht  Globe  Photometer. 


The  value  of  the  globe  photo- 
meter for  photometrical  measure- 
ments is  now  becoming  very 
generally  appreciated,  and  we 
observe  that  experiments  are  now 
being  made  in  several  countries 
with  this  apparatus. 

A.  A.  Perrine,  for  instance,  des- 
cribes, in  The  Electrical  World,  of 
New  York  (September  23rd)  some 
experiments  with  a  globe  120  cms. 
in  diameter,  which  he  employed 
for  testing  glow-lamps  both  with 
and  without  reflectors.    It  is,  per-  ^ 
haps,  not  surprising  to  find  that  in  ^ 
such  a  relatively  small  globe  the  ^ 
constant  was  found  to  vary  some- 
what  according  to  the  position  of  -g 
the  source  tested.    The  author  | 
states  that  this  variation  is  largely  § 
due  to  the  error  caused  by  the  ^ 
necessary  introduction  of  a  screen 
to  protect  the  observation  win- 
dow from  the  direct  rays  of  the 
soiu*ce  tested.  The  possible  effect 
of  such  screens  and  other  "  foreign 
bodies  "  on  the  constant  of  the 
globe  has  already  been  referred  to 
in  this  journal  (see  Vol.  I.,  1908, 
p.  555). 

The  aecom])anying  figure  sliows 
some  of  the  results  obtained  in  the 
experiments  to  which  we  now  refer. 

A.  Car})on  Filament  lamp  with  reflector,  type  "A."' 

B   .  B." 

•■        ..        ..        ..        ..  "c." 

»  "  D." 
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Distance  of  source  of  light  from  centre  of  sphere  (centimetre). 
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The  Electric  Lighting  of  Churches. 


Some  time  ago  a  special  section  of 
The  Illuminating  Engineer  was  given 
up  to  the  subject  of  Church  lighting.* 
On  that  occasion  we  pointed  out  the 
difference  that  existed  between  one 
church  and  another,  and  the  need  for 
recognition  that  the  illumination  in 
any  case  usually  presented  a  separate 
problem  with  special  difficulties,  and 
special  circumstances  to  be  taken  into 
consideration. 

Not  only  have  the  ordinary  require- 
ments of  good  lighting  to  be  attended  to 
but  there  are  also  religious  considera- 
tions to  be  borne  in  mind.    It  is  quite 


to  which  electric  lighting  has  recently 
been  applied. *  Three  such  churches  are 
shown  in  Figs.  1,  2,  and  3  (for  the  use 
of  which  we  are  indebted  to  the 
courtesy  of  the  A. E.G.  Company  of 
Berlin).  Fig.  2  represents  an  important 
Catholic  Church  at  Neuburg,  in  which 
arc-lamps  have  been  installed.  This 
seems  to  be  a  rather  striking  instance 
of  the  introduction  of  high  candle- 
power  modern  illuminants  amid  old 
surroundings,  and  it  will  be  interesting 
to  see,  as  years  go  on,  how  far  the  use 
of  such  sources  will  commend  itself 
to  architects  and  others  responsible 


Fig.  1. — Ancient  Chandelier  supplied  with  Electric  Candles,  Hildesheim,  Germany. 


conceivable  that  a  system  of  illumina- 
tion that  would  answer  in  the  Church 
of  England  might  not  be  considered 
satisfactory  in  a  Roman  Catholic  Cathe- 
dral or  in  one  of  the  Eastern  Churches. 

It  is  interesting,  therefore,  to  notice 
a  few  instances  of  churches  in  Germany 


for  the  artistic  aspects  of  the  subject. 
Illumination  by  such  powerful  sources 
as  arclight  is,  of  course,  quite  a  differ- 
ent system  from  the  illumination  by  the 
small  oil  lamps,  candles,  &c.,  which 
tradition  has  rendered  acceptable.  Yet 
it  will  be  recalled  that  Mr.  J.  B.  Fulton, 


*  The  Illuminating  Engineer^  Lond.,  January, 
1909.  *  A.E.G.  Zeitimg,  December,  1909. 
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in  his  account  of  the  illumination  of  the  oil  lamps  which,  however,  serve  as 

Church  of  Santa  Sophia  in  Constanti-  decorative  objects  rather  than  for  the 

nople,    suggested  the  possibility  of  a  purpose  of  revealing  the  surroundings, 
powerful  light  being  used  in  the  dome        A  special  feature  of  many  systems 

to  increase  the  available  illumination.*  of  church  lighting  is  the  use  of  large 


Fig.  3.— Illumiaatioa  of  Altar  of  Catholic  Church  at  Fillippsdorf,  by  means  of  small  Metallic 

Filament  Lamps. 


In  this  church  the  existing  illumination 
is  provided  by  large  numbers  of  small 

*  The  Illuminating  Engineer,  January,  1909, 
p.  60. 


numbers  of  candles.  It  seems  probable 
that  in  many  case  this  method  came  to 
be  regarded  as  correct  largely  because 
the  lighting  by  hand  of  such  candles 
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(though  often  very  tedious  in  the  case 
of  large  chandeliers)  is  to  be  regarded 
as  an  act  of  worship  and  a  religious 
observance.  We  find,  however,  that 
it  is  now  becoming  customary  to 
replace  the  candle  proper  by  the  electric 
imitation  ;  in  this  case  the  labour  of 
lighting  disappears,  the  whole  chande- 
lier being  immediately  lit  up  by  merely 
pressing  the  switch.  An  illustration  of 
this  change  is  shown  in  Fig.  1 ,  where  a 
very  large  and  old  chandelier,  dating 
from  the  eleventh  century,  will  be  seen 
in  the  foreground.  Electric  light  was 
applied  to  this  old  church  at  Hildesheim 
in  1906. 


Yet  another  illustration  of  the  pro- 
vision of  electric  lighting  for  decorative 
purposes  is  shown  in  Fig.  3.  Here  we 
see  the  altar  of  the  Catholic  Church  at 
Filippsdorf  illuminated  by  large  numbers 
of  miniature  frosted  glow-lamps,  supple- 
mented by  imitation  candles.  Electric 
lighting  has  also  been  introduced  by 
the  A. E.G.  Company  into  churches 
of  many  other  denominations,  including 
several  synagogues.  In  addition  electric 
power  now  fulfills  many  other  functions 
in  connexion  with  the  church  such  as  the 
control  of  the  organ.  In  some  cases  it 
has  even  partially  replaced  hand  labour 
in  the  ringing  of  a  chime  of  bells. 


The  Need  for  Good  Illumination  in  Schools. 


We  note  in  the  Journal  filr  Gasheleuch- 
tung  (January  8th,  1910)  a  reference 
to  a  paper  delivered  by  Dr.  Freitag  in 
Munich  before  the  Verein  fiir  Frauen- 
interessen,  dealing  with  the  eyesight 
of  school-children.  The  author  pointed 
out  the  vital  necessity  for  good  illumin- 
ation for  growing  children.  This  was 
exemplified  in  the  Gymnasien  where  as 
many  as  64  per  cent,  of  the  scholars 
were  found  to  suffer  from  short 
sight. 


The  conditions  of  daylight  and  arti- 
ficial illumination  in  a  school-room, 
formed  the  most  important  item  to  be 
considered.  In  addition,  good  clear 
type  and  writing  were  essential,  and  the 
correct  position  of  the  body  must  be 
maintained.  In  conclusion,  Df.  Frei- 
tag suggests  that  a  closer  study  of  the 
exact  factors  responsible  for  short 
sight  is  needed  in  order  to  remove  the 
imperfect  conditions  as  far  as  possible, 
and  bring  about  a  desired  improvement. 


The  Psychology  o: 

In  The  Journal  of  the  Society  of  Archi- 
tects for  October,  1909,  reference  is  made 
to  the  mysticism  attaching  to  Christian 
tenets  and  its  influence  on  church  lighting. 
"  This,"  it  is  remarked,  "  may  be  con- 
trasted with  what  may  be  termed  the 
'  mystery  '  connected  with  some  of  the 
more  remote  faiths  wherein  the  prevalent 
idea  was  that  the  gloom  of  the  temple 
interior  should  be  in  direct  ratio  to  its 
sanctity.  This  effect  of  gloom  and 
mystery  was  obtained  by  two  methods, 
if  not  throe  ;  the  ancient  temple  con- 
sisted of  a  congeries  of  rooms  progres- 
sively narrower,  lower,  and  more  shut 
off  from  the  light  of  day  as  the  innermost 
sanctuary  was  approached.  This  could  not 
but  result  in  a  tendency  towards  making  a 


Church  Lighting. 

terror  of  religion,  and  the  hierarchy 
enhanced  this  impression  on  the  lower 
orders  by  calling  to  its  aid  the  use  of 
scientific  tricks  and  mechanical  subtleties. 

"  How  different  from  the  more  modern 
ideal  of  concentrating  the  resources  of 
art  and  shedding  a  brilliant  light  upon 
the  central  point  of  attraction  in  a  place 
of  worship  as  most  effectively  seen  in  the 
chancel  of  a  church.  The  soul  of  religion 
is  not  wrapped  in  mysterious  veilings, 
and  the  faith  of  worshippers  is  invited 
to  satisfy  its  cravings  intelligently,  not 
blindly.  The  accidental  mysticism  aris- 
ing from  what  has  been  termed  '  dim, 
religious  light '  has  been  perhaps  unduly 
insisted  upon,  as  the  feeling  is  probably 
the  result  of  environment." 
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Some  Notes  on  the  Present  State  of  the  Metallic  Filament 

Lamp. 

By  an  Engineering  Correspondent. 


The  metallic  filament  lamp  has  now 
been  sufficiently  long  in  general  use  to 
enable  a  prolonged  and  fair  test  to  be 
made  on  the  part  of  unprejudiced  con- 
sumers. Although  the  general  charac- 
teristics of  the  lamp,  and  its  methods 
of  application  to  the  usual  circumstances 
of  supply  are  so  well  known  as  to 
render  any  detailed  description  on  this 
head  unnecessary,  there  occur  from  time 
to  time  little  points  in  practical  ex- 
perience which  may  not  be  generally 
known,  and  which  may,  therefore,  be 
of  interest  to  engineers  who  have  to 
deal  with  the  problems  peculiar  to  the 
use  of  this  new  source  of  light. 

As  is  the  case  with  most  essential 
truths  it  is  to  be  found  that  the  prob- 
lems involved  in  the  use  of  metal  fila- 
ment lamps  (or  their  improper  use),  are 
really  most  simple  when  the  cause  of  the 
trouble  is  found,  but,  as  contempt  for 
the  simplicity  of  a  remedy  was  long  ago 
reproved  by  Columbus  in  his  celebrated 
illustration  of  the  egg,  it  is  hoped  that 
the  simple  nature  of  the  following  notes 
may  be  pardoned,  and  that  they  may 
be  of  some  service  to  those  concerned 
with  the  use  of  these  lamps. 

One  of  the  points  that  was  raised 
by  those  accustomed  to  the  carbon 
filament  lamp,  when  these  metal  lamps 
were  introduced  to  the  public,  was  that 
the  new  lamp,  although  burning  quite 
satisfactorily  on  even  voltages,  was 
hardly  to  be  relied  upon  when  (as  is 
the  case  with  many  systems  of  elec- 
tricity supply  from  a  central  station), 
the  voltage  varies  within  appreciable 
limits. 

This  has  since  been  found  to  be  an 
extreme  view.  If  the  earlier  types  of 
lamps  did  burn  out  with  a  com- 
paratively slight  increase  of  pressure 
it  was  either  due  to  the  earlier  troubles 
of  insulation  in  the  lamp  cap,  or  to  the 
fact  that  the  makers,  in  endeavouring 
to  provide  a  lamp  of  very  high  efficiency 


as  compared  with  the  carbon  filament, 
rather  overdid  the  matter,  and  ran  the 
lamps  with  two  fine  a  margin  as  regards 
over-heating.  Now-a-days,  however,  a 
good  commercial  lamp  is  very  well  able 
to  take  care  of  itself  as  regards  fluctua- 
tions of  voltage.  As  a  matter  of  fact, 
although  it  is  not  a  wise  thing  to  do, 
it  is  quite  possible  to  place  a  50-volt 
lamp  across  a  100- volt  circuit  for  a 
short  period.  A  16  c.-p.  lamp  under 
such  circumstances  appears  like  a  ball 
of  fire,  but  although  the  bulb  may 
become  slightly  discoloured,  the  fila- 
ment, as  a  rule,  does  not  burn  out  with 
the  same  rapidity  as  a  carbon  lamp 
would,  should  it  be  subjected  to  a  like 
process.  There  is  no  doubt,  however, 
that  with  even  a  momentary  applica- 
tion of  an  excess  of  voltage  of  this  order, 
the  filament  is  seriously  weakened,  and 
lamps  in  series  which  have  been  sub- 
jected to  such  a  momentary  over- 
voltage  due  to  shortcircuiting  of  one 
of  their  number  often  give  way  after 
about  three  weeks  burning. 

That  this  is  no  idle  statement  may 
be  confirmed  by  the  fact  that  a  firm  of 
lamp  makers  on  one  occasion  actually 
sent  out  by  mistake  a  batch  of  lamps  of 
about  half  the  correct  voltage  to  a 
customer,  and  before  the  mistake  was 
discovered  the  recipient  of  the  lamps 
burned  them  for  an  entire  evening 
without  serious  loss.  There  was,  how- 
ever, a  distinct  discolouration  of  the 
bulbs.  Needless  to  say,  the  customer 
was  exceedingly  gratified  with  the 
illuminating  effect  of  the  lamps,  and 
was  very  much  disappointed  when  he 
received  an  intimation  from  the  firm 
that,  owing  to  an  oversight,  lamps  of 
the  wrong  voltage  had  been  sent 
to  him.  The  curious  part  of  the 
matter  is  that  the  lamps  having  been 
exchanged  for  those  of  the  correct 
voltage,  were  tested,  as  a  matter  of 
curiosity,    upon  the    proper  supply 
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pressure  and  were  found  to  be  still 
useful.  The  value  of  this  point  is  that 
at  the  present  time,  except  where  small 
transformers  are  used,  it  is  usually  the 
practice  to  place  two  or  more  lamps  in 
series  with  each  other  upon  the  supply 
voltage.  These  burn  quite  correctly  so 
long  as  nothing  happens  to  any  one  of 
the  lamps,  but  should  a  short  circuit 
occur  across  one  lamp,  the  others 
of  the  series  are  subjected  to  undue 
pressure.  It  is  not  argued  from  the 
above  that  it  is  wise  to  connect  lamps 
up  indiscriminately  without  pairing 
them  against  one  another,  so  as  to  secure 
an  equal  distribution  of  pressure,  but  it 
is  wise  to  emphasise  the  fact  that 
the  metal  filament  lamp  is  not  quite  such 
a  delicate  article  as  some  of  its  earlier 
opponents  would  have  us  believe. 

Reference  has  been  made  in  the  above 
notes  to  the  fact  that  small  trans- 
formers are  sometimes  used  for  the 
purpose  of  reducing  voltage  from  the 
ordinary  supply  pressure  to  that  at 
which  the  lamps  can  be  most  economi- 
cally manufactured  for  small  units  of 
candle  power.  This  practice  is  very 
much  in  vogue  at  the  present  time,  but 
it  may  be  worth  while  to  draw  atten- 
tion to  the  fact  that  unless  these  trans- 
formers are  equipped  with  some  method 
of  cutting  off  the  primary  current  when 
no  lamps  are  alight  on  the  secondary, 
serious  no-load  losses  may  occur.  Dur- 
ing the  early  days  of  the  metallic  fila- 
ment lamp  boom  a  number  of  small 
consumers  in  a  certain  district  had  trial 
lamps  installed,  operated  from  a  small 
transformer  in  each  case.  The  average 
yearly  consumption  of  these  people, 
who,  as  a  general  rule,  lived  in  four  or 
five-roomed  flats,  was  about  75  units. 
Now  most  of  the  small  transformers, 
being  unprovided  with  some  form  of 
no-load  tripping  device  in  the  primary, 
consume  about  40  units  per  year  if  they 
are  always  in  circuit,  The  result  in 
this  particular  case  was  that,  to  the 
surprise  of  the  consumers  concerned, 
no  saving  whatever  resulted,  inasmuch 
as  the  transformer  losses  more  than 
balanced  the  increased  efficiency  of  the 
lamps.  This  is,  therefore,  a  point 
which  should  be  very  carefully  watched 
by  supply  engineers  who  are  taking  a 


hand  in  the  exploitation  of  metallic 
filament  lamps. 

One  of  the  greatest  inconveniences 
with  regard  to  the  use  of  these  lampiij 
is  the  fragility  of  the  filament,  and^ 
this,  perhaps,  more  than  anything  else, 
may  explain  why  the  older  type  carbon 
lamp  has  not  been  completely  super- 
seded. In  spite  of  the  fact  that  it  is 
now  fairly  known  to  most  consumers 
that  metallic  filament  lamps  may  often 
be  repaired,  if  they  unfortunately  get 
broken,  by  very  simple  means,  distrust 
in  their  burning  powers  still  remains, 
and  it  would  be  well  for  supply  engineers 
to  give  instructions  to  their  consumers 
that  in  the  event  of  a  section  of  the 
filament  breaking  it  can  often  be  re- 
paired by  shaking  the  lamp  gently 
while  it  is  in  circuit.  The  broken  ends, 
if  the  shaking  succeeds  in  bringing 
them  together  for  an  instant,  will  then 
weld  into  a  fairly  permanent  joint  and 
the  interrupted  circuit  will  be  resumed. 
At  the  same  time,  however,  in  the 
writer's  opinion,  this  suggestion  of 
excessive  fragility  has  been  often 
exaggerated. 

The  writer  is  aware  of  one  case  in 
which  a  considerable  number  of  one 
form  of  tungsten  lamp  were  used 
for  street  lamp  lighting,  as  is  now 
becoming  customary,    in  side  streets 
where  units  of  small  capacity  and  lesser 
current  consumption  than  an  arc  lamp 
are  necessary.    It  was  feared  at  first 
that  such  lamps  would,  although  effect- 
ing a  considerable  saving  in  current 
consumption,   nullify   this   effect  by 
excessive    breakages;    but    this  was 
not  found  to  be  the  case,  and  in  one 
instance  a  200-volt  lamp  burned  for 
4,000  hours  in  a  street  lamp.  This 
was  accurately  determined  owing  to  the 
fact  that  the  supply  authority  kept  a 
record  of  all  lamps  used  for  the  street 
lighting.    It  need  not  be  argued  that 
this  is  an  exceptional  case,  because 
metallic  filament  lamps  of  all  well- 
known  and  reputable  makes  have  been 
known  to  burn,  even  in  places  where  a 
certain  amount  of  vibration  is  present, 
such  as  in  substations  on  electricity 
supply  systems,  for  over  2,000  hours. 

The  present  position  with  regard  to 
the  fracture  of  metal  filament  lamps 
seems  to  be  that  under  ordinary  circum- 
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stances  they  will  stand  a  reasonable 
amount  of  vibration  without  very 
much  harm.  Where,  however,  trouble 
exists  it  will  probably  be  traced  to  some 
special  cause  which  is  removed  from 
the  normal  conditions  under  which  the 
lamps  should  burn.  For  example,  in 
one  case  where  metal  filament  lamps 
were  tried  for  side  street  lighting 
instead  of  the  gas-lamps  previously 
employed,  it  was  found  that  the 
200-volt  lamps  used  suffered  to  a  con- 
siderable extent  from  broken  filaments. 
This  was  traced  to  vibration  of  the 
columns  on  which  the  lamp  brackets 
were  fixed  in  high  winds,  and  in  order 
to  cure  this  trouble  it  was  found 
advisable  to  allow  the  lamp  holders 
to  hang  free  on  short  lengths  of  flexible 
wire,  instead  of  being  fixed  rigidly  to 
the  columns.  This  slight  alteration 
practically  ended  the  trouble.  This 
point  is  of  especial  importance  in  those 
cases  in  which  side  lamps  are  fixed 
on  tramway  columns  for  the  purpose 
either  of  giving  local  lighting  effect,  or 
of  giving  reduced  candle-power  after 
midnight.  The  continual  passing  of 
trams  tends,  of  course,  to  vibrate  the 
columns  to  a  considerable  extent,  and 
where  the  track  is  not  very  evenly  laid 
the  jolting  of  the  cars  over  the  ends  of 
sections,  and  especially  in  negotiating 
points,  communicates  vibration  to  the 
ground  which  is  transmitted  to  the 
pole.  By  adopting  this  method  of 
flexible  suspension,  a  large  number  of 
lamps  may  sometimes  be  saved  per 
annum. 

Incidentally,  however,  it  may  be  men- 
tioned that  the  use  of  metal  filament 
lamps  for  street  columns  is  not  alto- 
gether an  unmixed  blessing,  for,  unless 
they  are  securely  fastened,  they  aiford 
a  very  great  temptation  to  the  indi- 
vidual who  wishes  to  raise  a  little 
ready  money.  The  use  of  metallic 
filament  lamps  for  street  lighting  has, 
as  a  matter  of  fact,  given  rise  to  a  new 
form  of  stealing.  In  one  supply  area 
quite  a  large  number  of  these  lamps 
were  stolen  from  street  lamps  in  one 
night,  inflicting  considerable  losses  on 
the  lighting  authority  of  the  district. 
This  will  be  realized  when  it  is  remem- 
bered that  metallic  filament  lamps  of 
high  candle-power  cost  anything  .from 


7s.  6d.  to  lOs.  each.  They  are,  there- 
fore, well  worth  stealing,  a  ready 
market  being  presented  in  connexion 
with  shop  lighting.  The  removal  of 
lamps  in  this  way  is  made  considerably 
easier  by  the  practice,  which  appear? 
to  be  on  the  increase,  of  using  metallic 
filament  lamps  in  outside  location? 
without  any  surrounding  lantern.  The 
interposition  of  a  glass  screen,  however 
well  made,  and  even  when  frequently 
cleaned,  leads  to  a  certain  loss  of 
light.  But  this  fractional  loss  i? 
negligible  compared  to  the  risk  which 
is  run  of  losing  the  source  of  illumina 
tion  altogether. 

After  this  reference  to  the  danger  of 
breakage  of  metallic  filament  lamps, 
even  under  proper  treatment,  con- 
sumers' engineers  will  probably  wondei 
how  it  is  that  their  experience  has  been 
so  unfortunate  as  to  include  complaints- 
from  shopkeepers  whose  premises  are 
located  in  main  roads,  and  who  have 
had  serious  trouble,  especially  with  the 
200-volt  lamps.  The  vibration  caused 
by  heavy  motor  traffic,  such  as  is  now- 
permitted  even  in  the  most  congested 
areas,  is  sometimes  a  serious  factor. 
Any  one  who  has  observed  the  tremors 
which  are  felt  in  the  vicinity  of  a  road- 
way when  a  heavy  steam  or  petrol 
traction  engine  is  passing  need  hardly 
wonder  at  the  fact  that  filaments  some- 
times suffer  when  they  are  placed  in 
brackets  for  outside  window  lighting. 
The  best  method  of  overcoming  this 
difficulty  is,  either  to  suspend  the 
lamps  on  flexible  wires,  as  described 
above,  or,  where  the  lamps  are  inclined 
and  this  method  is  impossible,  to  place 
broad  rubber  washers  at  the  back  of  the 
bracket,  or  in  some  other  suitable 
position,  so  that  the  earth  tremors 
are  taken  up  by  this  indiarubber  buffer. 

There  are,  however,  conditions  under 
which  the  suspension  of  lamps  on 
flexible  wires  does  not  entirely  do  away 
with  vibration.  The  greatest  enemy 
in  this  connexion  is  that  known  as 
mechanical  resonance.  Each  section 
of  a  metal  filament  lamp,  in  common 
with  any  other  semi-rigid  body,  has  a 
natural  period  of  vibration,  and  if  it  is 
periodically  subjected  to  impulses  in  the 
same  direction,  timed  simultaneously 
with  .or  in  multiples  of  the -natural 
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period  of  the  wire,  the  swing  of  the  fila- 
ment will  increase  until  the  strain 
becomes  too  much  for  it,  and  it  snaps. 
A  very  curious  instance  of  this  pheno- 
menon was  noticed  some  little  time  ago 
in  a  basement  substation,  the  floor  and 
ceiling  of  which  were  made  of  concrete, 
and  the  station  being  very  solidly  built. 
The  attendant  in  the  substation  noticed 
at  various  intervals  a  curious  and  inex- 
plicable flickering  ray  of  light,  which 
proved  on  examination,  to  be  the  mov- 
ing ray  proceeding  from  a  certain  fila- 
ment of  a  metal  lamp.  This  particular 
filament — one  out  of  about  ten  which 
the  lamp  contained  —  vibrated  every 
time  a  motor  bus  passed  the  substation, 
even  though  the  lamp  was  hung  on 
flexible  wire.  The  only  reason  for 
this  appears  to  be  that  the  impulses 
derived  from  the  earth  tremors  pro- 
duced by  the  passing  of  the  bus 
communicated  through  the  concrete 
ceiling  to  the  lamp  a  series  of  im- 
pulses which  tuned  with  the  natural 
period  of  vibration  of  that  particular 
filament.    This   caused   the   wire  to 


vibrate  strongly,  and  had  not  the 
matter  been  detected,  would  probably 
in  course  of  time  have  caused  a  failure 
of  the  lamp.  This  form  of  trouble  is 
extremely  likely  to  occur  where  lamps 
are  fixed  on  long  and  slender  supports, 
such  as,  for  example,  the  curved 
brackets  which  are  to  be  found  outside 
the  windows  of  shops  carrying  lamps 
for  the  purpose  of  throwing  a  strong 
surface  light  on  the  goods  in  the 
window. 

Many  other  interesting  points  with 
regard  to  the  behaviour  of  this  com- 
paratively new  mode  of  lighting  might 
be  cited,  but  enough  has  been  said  to 
indicate  that  in  certain  particulars  the 
metal  filament  lamp  still  requires  study, 
and  sufl^ers  from  exceptional  difficulties 
which  are  absent  from  the  older  carbon 
filament  lamp.  No  doubt  many  of  the 
alleged  weaknesses  of  the  lamp  can  be 
traced  in  some  way  or  another  to 
incorrect  use,  while  others  only  require 
a  little  further  research  at  the  hands  of 
those  interested  in  these  problems. 

J.  A.  S. 


The  Lighting  of  £ 

Under  the  above  title  the  Electrical 
Times  (October  7th,  1909),  draws  atten- 
tion to  an  interesting  development  in  the 
United  States.  For  some  time  it  has 
been  customary  in  certain  American 
cities  for  the  owners  of  shops  in  a 
street  to  combine  together  to  improve 
the  existing  lighting  of  the  thoroughfare. 

For  example,  it  is  said  that  in  Newark, 
New  Jersey,  which  is  only  a  few  miles 
from  New  York,  shopkeepers  are  ham- 
pered by  the  proximity  of  this  city 
with  its  tremendous  facilities  for  cater- 
ing for  all  tastes  and  purses.  It  was 
felt  to  be  desirable,  firstly,  to  stimulate 
local  trade,  which  might  otherwise 
pass  to  New  York ;  and,  secondly, 
to  induce  rural  shoppers  who  must  pass 
through  the  town  on  their  way  to  New 
York,  to  stop  at  Newark  instead  of 
going  on  to  the  city. 

Eventually  a  complaining  tradesman 
was  approached  by  a  lighting  can- 


itreets  in  America. 

vasser.  He  was  induced  to  combine 
with  the  adjacent  shopkeepers  to  instal 
a  series  of  flame  arcs  and  festoons  of 
Tungsten  lamps  in  South  Broad  Street. 
As  a  result  Newark  to-day  boasts  an 
excellent  system  of  curb  lighting,  not 
one  cent  of  the  cost  coming  from 
public  funds.  The  lighting  is  the  result 
of  co-operation  between  the  lighting 
company  and  the  shopkeepers. 

As  a  result  even  the  improved  transit 
facilities  recently  effected  between  New 
York  and  New  Jersey  have  brought 
about  no  diminution  of  Newark 
trade. 

Though  the  shops  are  closed  at 
night,  the  streets  are  thronged.  The 
visitor's  first  impression  is  that  of  a 
huge  holiday  crowd.  The  people  are 
there  on  pleasure,  for  the  shops  are 
closed  ;  but  every  succeeding  day's 
trade  shows  that  light  is  the  tradesman's 
best  friend^ 
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Illuminating  Engineering  from  the  Standpoint  of  the  Gas 

Engineer. 


(Some  notes  on  a  paper  by  Mr.  N.  Macbeth  at  the  Fourth  Annual  Meeting  of  the  American  Gas  Institute, 

October  20th,  1909.) 


A  VERY  interesting  paper  by  Mr.  N. 
Macbeth  was  recently  read  at  the  fourth 
annual  meeting  of  the  American  Gas 
Institute,  and  is  referred  to  in  The 
American  Gas  Light  Journal. 

The  key-note  of  Mr.  Macbeth' s  paper 
is  the  suggestion  that  in  future 
gas  and  electrical  engineers  must  be 
prepared  more  and  more  to  study  the 
needs  of  the  consumer  and  to  teach  him 
how  to  use  the  apparatus  with  which 
they  supply  him  to  the  best  advantage. 
In  recent  years  great  advances  have 
been  made  in  artificial  lighting,  and 
in  addition  a  much  higher  standard  is 
coming  about  as  regards  the  use  of 
light  so  produced. 

From  the  standpoint  of  gas  lighting 
Mr.  Macbeth  suggests  that  the  gas 
engineer  has  great  opportunities,  but 
is  at  present  often  handicapped  by  the 
lack  of  the  necessary  information  by 
the  aid  of  which  he  could  expect  a 
material  increase  as  a  salesman.  Sales- 
manship alone,  however,  would  not  go 
very  far. 

Satisfactory  supervision  and  main- 
tenance and  attractive  fixtures  and 
glass  ware  are  necessary,  and  above 
all  a  thorough  study  of  the  installation 
from  the  standpoint  of  effective  illu- 
mination. In  this  connexion  he  quotes 
the  following  remarks  : — 

"  We  want  a  new  era  in  gas  lighting 
rather  than  a  pushing  of  old  methods. 
We  need  art  glassware,  well  designed, 
attractive  fixtures,  new  lighting  effects, 
new  talking  points,  a  little  engineering, 
something  from  the  decorator,  a  word 
from  the  oculist,  substantial  construc- 
tion, convenient  devices,  and  a  system 
of  maintenance  that  will  keep  the 
lamps  always  looking  like  new.  Ex- 
perts in  lighting  must  be  developed, 
and  there  is  no  time  like  the  present 
to  begin." 


It  would  also  be  for  the  benefit  of  the 
industry,  to  have  established  more 
perfect  methods  of  standardizing  the 
quality  of  goods  turned  out.  It  has 
often  been  repeated,  but  perhaps  it 
has  not  yet  been  sufficiently  realized, 
that  a  good  lamp  or  mantle  is  always 
better  than  a  poor  one.  Cheap  and 
unsatisfactory  mantles  and  burners 
have  a  great  deal  to  answer  for  in 
leading  to  erroneous  views  regarding 
gas  lighting.  A  need  which  is  parti- 
cularly keenly  experienced  is  that  of 
a  Standardizing  Committee  for  the 
purpose  of  creating  a  specification  for 
incandescent  mantles  embracing  such 
questions  as  size,  percentage  of  cerium 
and  thorium,  strength,  weight,  colour 
of  light  yielded,  &c. 

It  is  pointed  out  by  the  author  that 
mantles  the  light  of  which  only  falls' 
by  10  per  cent  in  1,000  hours  ought 
not  to  be  classified  with  inferior  types 
which  give  much  the  same  reduction 
in  only  250  hours,  and  perhaps  as 
much  as  60  per  cent  in  1,000  hours. 

In  addition  there  is  room  for  exact 
data  regarding  the  effect  on  the  per- 
formances of  mantles  of  different  pres- 
sure and  different  qualities  of  gas.  A 
gas  burner  which  shows  phenomenal 
results  at  one  particular  pressure  in  a 
laboratory  test  may  be  of  little  practical 
value  when  used  at  the  variable 
pressure  prevailing  in  many  towns  and 
cities.  In  this  connexion  Mr.  Macbeth 
quotes  the  following  figures  relating  to 
825  companies  in  the  United  States  : — 

146  or  17-6  per  cent  report  between  1  and  2  ins.  pressure. 
521  or  63  0  per  cent    ,,  „      2  and  3  „  ,, 

158  or  19-2  per  cent    ,,  „      3  and  6  ,,  „ 

While  these  figures  are  not  supposed 
to  be  extremely  accurate,  they  are 
probably  fairly  serviceable  as  a  basis  of 
reasoning.  In  order  to  show  how 
vital  such  variations  of  pressure  may 


278 


THE  ILLUMINATING  ENGINEER. 


be,  Mr.  Macbeth  reproduces  a  series  of 
curves  connecting  the  light  and  the 
pressure  of  various  types  of  burners ; 
he  states,  for  example,  that  a  burner 
which  gave  a  good  result  on  1-3  inches 
was  found  to  give  only  50  per  cent,  of 
this  light  when  the  pressure  was  in- 
creased to  2-8  inches. 

In  the  second  portion  of  his  paper 
Mr.  Macbeth  gives  a  number  of  rules 
for  the  practical  illumination  of  rooms 
with  incandescent  burners  and  re- 
flectors of  various  kinds  ;  inverted 
mantles  in  particular,  should  be  placed 
fairly  high  up,  both  with  the  object  of 
preventing  glare,  and  also  because  the 


curve  of  the  light  distribution  favours 
this  arrangement.  All  this  is  illus- 
trated by  photographs  showing  ex- 
amples of  shops  lighted  by  different 
methods.         ■       ^  '      -  ^ 

In  this  connexion  Mr.  Macbeth  gives 
the  following  table,  illustrating  the 
intensity  of  illumination  required  for 
various  purposes  : — 

Illumination  in 

Class  of  Service.  Foot-Candles. 
L  Store  rooms,  warehouses,  &c.    ...    0  5  to  1*5 

2.  Residence  and  reading  rooms    ...    I'O  to  3-0 

3.  General  stores   I'O  to  3  0 

4.  Dry  goods  stores    4-0  to  7-0 

5.  Clothing  stores    4-0  to  7*0 

6.  Detail  work  tables   5*0  to  15*0 

7.  Show  windows   10-0  to  50-0 


The  "Lux-Meter." 


The  accompanying  illustration  shows  a 
simple  form  of  apparatus  for  com- 
paring the  effectiveness  of  different 
types  of  shades  and  lights  which  has 
recently  been  introduced  in  the  United 
States,  and  is  termed  the  "  Lux- 
meter."  It  has  been  claimed  that  this 
arrangement  enables  a  rough  idea  of 
the  relative  value  of  two  fixtures  to 
be  quickly  formed ;  they  are  merely 
hung  at  equal  distances  from  the 
aperture  and  the  relative  brightness 
of  the  two  patches  of  light  is  noted  ; 
the  method,  it  is  said,  readily  lends 
itself  to  purposes  of  demonstration, 
which,  of  course,  many  forms  of  more 
accurate  photo  metrical  apparatus  do 
not  do. 

In  a  recent  Holophane  publication, 
however,  attention  in  drawn  to  the 
fact  that  such  a  means  of  comparison 
"must  be  used  only  with  certain  reserva- 
tions. .  It  is,  for  instance,  clear  that 
.Guly.-the  intensities  of  light  in  one 
single  direction  are  compared ;  we 
are  given  no  information  as  to  the 
effectiveness  of  the  fixture  as  a  whole. 
This  can  only  be  adequately  studied 
by  observations  of  the  total  flux  of 
light  in  each  case. 

Again,  it  is  pointed  out  that  the 


The  "  Lux-meter." 

arrangement  shown  gives  no  informa- 
tion regarding  the  illumination  avail- 
able immediately  underneath  the  shade 
which  of  course  it  is  often  very  essential 
to  know.  Thus  a  shop-keeper  judging 
solely  by  the  above  tests  might 
select  a  type  of  reflector  which  dis- 
tributed tlie  light  uniformly  instead 
of  concentrating  it,  and  yet,  for  his 
purpose,  tlie  latter  type  of  shade  might 
be  preferable. 


THE  ILLUMINATING  ENGINEER. 


279 


Gas  Lighting  and  Illuminating  Engineering. 

(Extracts  from  the  Inaugural  Address  delivered  by  Mr.  H.  Kendrick,  President  of  the  JJanchester  District 
Institution  of  Gas  JSngineers,  February  26th,  1910). 


The  Inaugural  Address  of  the  President 
of  the  Manchester  District  Institution 
of  Gas  Engineers,  Mr.  H.  Kendrick, 
was  delivered  on  February  26th,  1910. 
Mr.  Kendrick,  who  is  also  a  member 
of  the  Illuminating  Engineering  Society, 
made  a  number  of  interesting  remarks 
on  illumination,  and  it  is  gratifying 
to  notice  the  importance  which  he 
attaches  to  the  study  of  this  subject 
by  the  gas  engineer.  Speaking  of  the 
value  of  the  Illuminating  Engineering 
Socety  he  says  : — 

"  As  a  mixed  Society,  it  should  be 
neutral  ground,  where  all  will  receive 
fair  and  equitable  treatment.  That 


discrepancies  occur  between  the  figures 
relied  on  by  competing  authorities .... 
We,  as  engineers,  are  slowly  shaking 
off  the  old  shackles  ;  and  the  sharpen- 
ing of  our  weapons  in  the  arena  of 
such  societies  as  the  Illuminating 
Engineering  Society  should  be  to  the 
benefit  of  all,  and  assist  us  to  break 
through  obsolete  and,  if  necessary, 
modern  rules  as  well ....  Unless  we 
keep  abreast  of  the  times,  and  do  some- 
thing more  than  point  out  how  much 
cheaper  and  healthier  gas  lighting  is 
than  its  rivals,  we  may  be  left  behind 
in  the  race.  The  electricians  are  fitting 
the  light  to  suit  the  circumstances,  and 


TABLE  I. 


Globes,  &c..  Used. 


No  chimney  or  globe  

Straight  chimney   

Straight  chimney  and  metal 

reflector  

Clear  domestic  chimney   

Clear  domestic  chimney  and 

opal  reflector  

Opaline  chimney  

Opal  globe  

Pale  ruby  globe  frosted  

Pale  ruby  globe  cut   

Pale  green  globe  frosted   

Pale  yellow  globe  frosted  


Best  Type  of  "  C  "  Burner. 

Gross 

Gas  Used 

Candle 

Candle 

Per  Hour 

Power  per 

Power. 

Cubit  Feet. 

Cubit  Feet. 

69-27 

3-46 

20-02 

7i-21 

21-44 

88-00 

25-42 

71-44 

3-55 

20-12 

92-12 

25-95 

61-29 

17-26 

84-81 

9-81 

36-56 

3-45 

10-59 

45-83 

13-28 

44-11 

12-78 

51-93 

15-05 

Cheap  "  C  "  Burner. 


Gross 
Candle 
Power. 

Gas  Used 
Per  Hour 
Cubit  Feet. 

Candle 
Power  per 
Cubit  Feet. 

44-71 

3-28 

1371 

48-17 

3-15 

15-33 

57-74 

18-36 

37-17 

2-95 

12-59 

50-49 

3-12 

16-13 

38-87 

12-44 

26-73 

8-52 

26-31 

3-14 

8-39 

32-46 

10-34 

33-22 

10-56 

36-48 

11-58 

neither  gas  nor  electricity  receives  it 
from  the  other  cannot  be  denied,  and 
statements  and  claims  are  continually 
being  made  that  depend  on  experi- 
ments carried  out  under  perfect 
conditions  in  ideal  laboratories,  and 
which  cannot  under  ordinary  circum- 
stances be  attained.  When  tests  are 
made  for  public  consumption  that  are 
"founded  on  results  obtained  by  a 
process  of  rejection  until  the  highest 
^or  lowest  possible  readings  are  reached, 
can  it  be  surprising  that  such  alarming 


we  must  do  more  than  merely  flood 
rooms  with  sometimes  superfluous 
light." 

Mr.  Kendrick  also  referred  to  the 
illuminating  power  of  various  types  of 
good  burners,  in  which  connexion  he 
gives  the  results  in  Table  I.  Some  of 
these,  it  will  be  noted,  refer  to  coloured 
globes,  and  in  this  case,  particularly, 
we  must  not  forget  to  bear  in  mind  the 
amount  of  reflection  from  walls  of  a 
tinted  character.  Some  remarks  were 
also   made  upon  recent  progress  in 
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automatic  methods  of  controlling  street 
lighting,  the  type  actuated  by  a  wave 
of  pressure  being  considered  preferable 
to  that  driven  by  clock  work,  on  the 
following  grounds.  They  are  certain  in 
their  action ;  more  simultaneous  in 
lighting  up  ;  not  so  liable  to  be  lighted 
up  by  vibration ;   less  working  parts 


to  get  out  of  order  ;  repairs  and  cleaning 
a  minimum  ;  first  cost  usually  less  ; 
action  not  dependent  on  attendant  ; 
can  light  up  at  any  time  without  sending 
round  the  lamp  lighter. 

As  a  record  of  the  influence  of  the 
type  of  lantern,  &c.,  on  the  maintenance 
of  mantles  he  gives  the  following  table : — 


TABLE  II. 


Type  of  Lantern  and  How 
Secured  to  Column. 


Wind  proof,  fixed  by  frog... 
Do.  do. 

Do.  do. 

Good  ordinary,  not  wind 
proof,  fixed  by  frog 


Do. 


do. 


Cheap  ordinary  drop  doors, 
loose  in  head  frame 

Cheap  ordinary  drop  doors, 
fastened  in  head  frame  ... 


Anti- Vibra- 
tion Used. 


Frame 
None 
None 

Frame 

Spring  and 
Weight 

None 
None 


Size  of 
Lantern. 


In. 

16 

16 
16 
17 

17 
14 
14 


Mantles 
per  Ann. 


4-4 
9-3 
101 
12-8 

20-2 
39-7 
180 


Means  of 
Lighting. 


Flash  torch 

Controller 
and  by-paFS 
Flash  torch 

Torch  with 
Hood 


Remarks. 


Average  of 
District 


Subject  to 
Heavy  Traffic 
Main  Road 


Ordinary  Traffic 
in  by-Street 


Illumination,  Natural  and  Artificial. 


On  Thursday,  March  3rd,  Professor 
Silvanus  P.  Thompson,  D.Sc,  F.R.S., 
delivered  the  last  of  his  series  of  lectures 
on  the  above  subject  before  the  Royal 
Institution. 

The  lecturer  covered  a  wide  range  of 
subjects.  He  began  by  referring  to 
the  efficiency  of  various  electric  lamps, 
and  presented  a  table  illustrating  some 
of  the  chief  improvements  made  in  recent 
years.  He  also  pointed  out  how  small 
was  the  percentage  of  energy  produced 
in  the  form  of  light  by  most  commercial 
illuminants,  and  gave  a  series  of 
figures  by  Professor  Wedding  showing 
not  only  their  efficiencies,  but  also 
the  "  poison  "  in  the  form  of  carbon 
di-oxide  given  out,  &c.  Finally,  some- 
thing was  said  on  the  relative  running 
costs  of  up-keep  of  various  types  of  lamps. 

The  lecturer  next  turned  to  the  ques- 
tion of  distribution  of  light  from  various 
sources,  pointing  out  how  necessary 
it  was  to  obtain  photometrical  measure- 
ments of  the  light  in  all  directions. 
He  also  ompliasizcd  the  need  of  measure- 
ment of  intensity  of  illumination  on  a 


surface,  and  pointed  out  the  need  for 
data  regarding  the  number  of  foot- 
candles  required  for  reading,  and  other 
purposes.  In  the  study  of  the  illumin- 
ation of  schools,  and  particularly  the 
daylight  illumination,  measurements 
of  this  kind  were  much  needed. 

Prof.  Thompson  then  proceeded  to 
show  slides  of  a  number  of  instruments, 
including  those  of  Martens,  Trotter, 
Harrison,  and  others.  He  also  made 
special  reference  to  the  effects  of  glare 
from  unscreened  brilliant  illuminants, 
and  showed  how  this  could  be  pre- 
vented by  the  use  of  suitably  devised 
globes  of  the  Holophane  variety. 

In  conclusion,  he  remarked  that  at 
present  we  suffered  very  acutely  from 
the  lack  of  precise  data  on  matters  of 
illumination.  In  ten  years,  or  more, 
no  doubt,  we  should  have  available 
much  more  information  as  to  the 
result  of  the  researches  now  being 
prosecuted,  and  the  Illuminating 
Engineering  Society,  which  proposed  to 
deal  with  this  matter,  had  a  great  deal  of 
useful  work  before  it. 
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TRADE  NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


A  New  1  Watt  per  c.p.  Lamp. 


Messrs.  Siemens  Brothers'  Dynamo  Works, 

Lamp  Department,  at  Daltson,  inform 
us  that  they  are  about  to  place  upon 
the  marltet  a  range  of  high  and  low- 
voltage  high  candle-power  metal  filament 
lamps  of  an  efficiency  of  approximately 
1  watt  per  c.-p.    100  c.-p.  lamps  will  very 


shortly  be  on  sale,  and  we  learn  that 
lamps  of  200,  300,  400,  and  600  c.-p.  are 
to  be  expected  at  a  somewhat  later  date. 
We  understand  that  full  details  will  be 
forthcoming  in  the  course  of  a  week  or  two, 
as  regards  price,  size,  &c.  The  new  lamp 
is  to  be  styled  the  "  Onewatt." 


Carbon  Filament  Lamps  for  Photographic  Purposes. 


The  adjoining  illustrations  refer  to  a  type 
of  carbon  filament  lamps  for  photographic 
purposes,  of  which  we  have  received 
particulars  from  Messrs.  Siemens  Bros., 
Ltd.    (Tyssen   Street,  Dalston,  London, 


cheaper  than  those  in  which  the  lamp 
bulb  itself  is  of  coloured  glass  and  the 
cylindrical  lamp  inside  can  be  separately 
renewed.  It  is  also  convenient  to  be  able 
to  replace  the  existing  outer  cover  by  one 


Fig. 


Half  Full  Size. 

1. — Complete  Lamp. 


Half  Full  Size. 
Fig.  2, — Inner  Lamp. 


Half  Full  Size. 
Fig.  3.— Outer  Globe. 


N.E.).  The  complete  lamp  (Fig.  1) 
comprises  a  cylindrical  lamp  with  clear 
bulb  (Fig.  2)  and  an  outer  globe  (Fig.  3), 
which  may  be  of  yellow  or  red  glass  as 
required.    The    design   is   said   to  be 


of  a  different  tint  when  necessary.  The 
glass  employed  for  this  outer  cover  is 
specially  tested  spectroscopically  with 
a  view  to  its  use  in  photographic  dark 
rooms. 
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Contracts  Closed. 

Messrs.  Siemens  Bros.  Dynamo  Works, 

Ltd.,  inform  us  that  they  have  secured  a 
large  contract  for  the  G.P.O.  for  Tan- 
talum lamps,  and  a  further  large  order 
for  street-lighting  fittings  of  special  design 
in  South  America,  Yet  another  impor- 
tant contract  of  the  same  nature  secured 
by  the  same  firm  relates  to  the  supply  of 
street -lighting  fittings  to  a  municipality 
in  an  Indian  State. 


Messrs.  The    Globe  Electric   Co.,  Ltd., 

have  recently  executed  a  contract  for 
36  "  Multax  long -burning  flame  lamps 
for  the  Bengal  -  Nagpur  Railway  Co. 
More  recently  another  order  for  28  lamps 
has  been  received  from  the  same  quarter. 


Osram  Price  Lists. 

From  the  General  Electric  Co.,  Ltd.  (7L 

Queen  Victoria  Street,  E.G.),  we  receive 
copies  of  the  most  recent  lists  of  Osram 
lamps.  We  note  that  lamps  of  25,  32, 
and  50  H.C.P.  can  now  be  supplied  for 
voltages  of  200-260,  while  among  the  high 
candle-power  units,  lamps  of  600  and 
1,000  candles  are  now  listed  for  the  above 
range  of  pressure  at  a  price  of  25s.  and 
30s.  respectively. 


Robertson  &  Osram  Social  and 
Athletic  Club's  First  Annual  Fancy 
Dress  Ball. 

The  members  of  the  above  club  had  their 
annual  dance  on  Saturday  last,  January 
8th,  when  there  were  about  400  guests. 
Mrs.  C.  Wilson  presented  the  prizes. 
Amongst  those  present  were  Mr.  C. 
Wilson,  Mr.  E.  G.  Sheppard,  Mr.  C. 
Beaven,  and  Mr.  Hill. 


Artistic  Electric  Light  Fittings,  &c. 

From  the  Edison  &  Swan  Electric  Light 

Co.,  Ltd.  (Queen  Street,  London,  E.G.)  we 
have  received  the  most  recent  catalogue 
of  electric  light  fittings  of  all  varieties  ; 
also  particulars  of  "  Ediswan  "  measuring 
instruments,  recording  meters,  and  testing 
sets. 


New  Telephone  Address. 

Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  also  draw  our  attention  to  the  fact 
that  it  has  been  found  desirable  to  instal 
an  additional  telephone  line.  There  are 
therefore  now  four  lines  available,  viz., 
8387,  8388,  and  8389  Central,  and 
Dalston  4. 


Northampton  Polytechnic  Institute,  Clerkenwell,  London,  E.G. 

Appointment  of  Associate -Head  of  the  Electbical  Engineering  and  Applied 

Physics  Department. 


The  above  appointment  was  rendered 
vacant  by  the  resignation  fo  Dr.  G.  V. 
Drysdale,  who  has  been  on  the  staff  of  the 
Institute  since  its  opening  in  1896,  first 
as  Chief  Assistant,  afterwards  as  Associate - 
Head  of  the  department.  Dr.  Drysdale's 
valuable  work  at  the  Institute  during  this 
period  is  well  known;  he  was  one  of  the 
earl  iest  supporters  of  the  Illuminating  Engi- 
ne" ring  Societyin  this  country,  and  has  done 
much  U)  forward  the  study  of  illumination. 

Mr.  F.M.Denton,  of  the  Carnegie  Tech- 
nical Schools,  Pittsburgh,  has  been  ap- 
pointed to  the  vacant  post.  Mr.  Denton  re- 
ceived his  technical  training  at  the  Central 
Technical  College  of  the  City  and  Guilds 
of  London  Institute.    He  has  also  spent 


a  year  and  a  half  in  the  instrument  works 
of  Messrs.  Elliott  Bros.,  London,  and 
subsequently  was  for  two  and  a  hal| 
years  at  the  Oerlikon  Works  ii^ 
Switzerland.  He  afterwards  occupied 
a  position  on  the  staff  of  the  Central 
Technical  College  for  one  year.  Sub- 
sequently he  joined  the  staff  of  the 
General  Electric  Company  in  various 
departments  at  Pittsfield,  Mass.,  and  at 
Schenectady.  After  occupying  tJiese 
positions  for  one  year,  he  was,  two  and 
a  half  years  ago,  appointed  lecturer  in 
electrical  engineering  at  the  new  Caxnegie 
Technical  Schools  at  Pittsburgh,  a  posi- 
tion which  ho  still  occupies  and  is  resign- 
ing to  take  up  his  London  appointment,  - 
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The  Imperial  Acetylene  Hand  Lamps. 


We  have  just  received  from  Imperial 
Light  Limited  (132,  Victoria  Street, 
S.W.)»  some  particulars  of  the  Acetylene 
Hand  Lamps,  manufactured  by  this  firm, 
the  general  natvu-e  of  which  will  be 
gathered  from  the  adjoining  illustrations. 


to,  are  stated  to  be  particularly  suitable 
for  the  night  inspection  of  railway  com- 
panies and  water  works,  &c.,  and  it  is  also 
claimed  that  the  lamp  gives  a  very  power- 
ful and  steady  flame,  is  very  light  and 
simple   in   construction,    and   will  give 


The  use  of  acetylene  lamps  in  mines 
hai  recently  received  attention  in  this 
journal  {Illuminating  Engineer,  January, 
1910,  page  42).    The  lamps  now  referred 


50  candle-power  for  five  hours  at  the  cost 
of  less  than  a  farthing  per  hour.  The 
lamp  is  equipped  with  a  reflector  (shown 
in  Fig.  1 )  by  which  the  light  can  be  thrown 
in  any  desired  direction. 


New  "Tantalum"  Focussing  Lamp. 


It  has  been  often  remarked  that  the 
end-on  Candle  Power  of  the  new  Metallic 
Filament  Lamps  is  decidedly  weak  whilst 
a  good  horizontal  Candle  Power  is  always 
maintained.  Messrs.  Siemens  Brothers, 
Tyssen  Street,  Dalston,  London,  N.E.,  are 
now  placing  upon  the  market  a  new  type 
of  lamp  which  will  be  known  as  the 
^'  Tantalum  "  Focussing  Lamp,  which  has 
an  entirely  new  arrangement  of  filament 
by  which  a  maximum  end-on  candle- 
power  is  obtained.  The  spider  on  which 
the  filament  is  wound  is  constructed  in  a 
conical  shape,  the  cone  pointing  down- 


wards. The  special  feature  of  this  lamp 
is  that  it  distributes  the  light  very  evenly 
except  towards  the  cap  of  the  lamp  where 
the  light  is  not  required.  These  lamps 
are  now  being  supplied  for  100-130  volt 
circuits  in  25  c.p.  sizes  in  spherical  bulbs 
measuring  approximately  75  m/m  dia- 
meter. They  are  especially  suited  for 
places  where  it  is  desired  to  obtain  a 
strong  and  even  light  without  the  aid  of 
special  reflectors,  and  should  prove  useful 
for  stage  lighting,  ceiling  lighting,  and 
decorative  purposes,  and  are  listed  at  the 
price  of  3s.  each. 


Robertson  and  Osram  Lamps  for  Wimbledon. 


We  are  informed  that  The  General 
Electric  Co.,  Ltd.,  have  just  been  success- 
ful in  obtaining  a  contract  for  the  supply 
of  "Osram"  lamps  to  the  U.D.C. 
Wimbledon  Electricity  Department, 
which  includes  a  large  quantity  of  200 
and  300  c.-p.  Osram  lamps  for  street 
lighting,  as  a  result  of  the  successful 


experiments  which  ha  ve  been  carried  out 
with  high  candle-power  Osram  lamps  in 
that  locality.  The  General  Electric  Co., 
Ltd.,  have  also  succeeded  in  obtaining 
a  contract  for  the  supply  of  Robert- 
son lamps  to  the  Wimbledon  Electri- 
city Supply  for  the  forthcoming  twelve 
months. 
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REVIEWS  OF  BOOKS. 

The  Practical  Electrician's  Pocket  Book  and  Diary  for  1910. 

Edited  by  H.  T.  Crewe,  M.I.Mech.E. 

S.  Bentell      Co.,  Ltd.,  36,  Maiden  Lane,  Strand,  W.C.,  London,  price  Is.  cloth. 

Is.  Qd.  leather. 


The  revised  edition  of  this  little  book 
again  contains  a  great  deal  of  information 
in  an  easily  accessible  and  tabulated  form 
on  a  wide  variety  of  subjects.  We  under- 
stand that  the  different  sections  are 
written  by  specialists  in  their  respective 
departments,  such  matters  as  gas,  oil  and 
petrol  engines,  polyphase  machinery 
incandescent  lamps,  wiring  systems,  &c., 
receiving  treatment. 

The  sections  of  greatest  interest  to  us 
are  those  relating  to  electric  lighting  and 
wiring.  We  note  that  the  general  account 
of  electric  lamps  is  brought  up  to  date 
by  a  reference  to  the  most  recent  types 
of  flame  arclamps,  miniature  arclamps, 
vapour  lamps,  &c.  We  are  glad  to  note 
that,  in  dealing  with  the  relative  costs  of 


gas  and  electricity  for  lighting,  stress  is 
laid  upon  the  importance  of  local  con- 
ditions and  the  fact  that  many  other 
factors,  apart  from  cost,  determine  the 
choice  of  an  illuminant.  Reference  is  also 
made  to  the  importance  of  the  wise 
selection  of  shades  for  use  with  electric 
Ifamp?.  The  section  dealing  briefly  with 
wiring  matters  also  deserves  commenda- 
tion and  the  account  of  methods  of 
enabling  lamps  to  be  switched  on  from 
several  alternative  positions,  night - 
switching,  ^^c,  will  be  found  useful. 

The  book  concludes  with  a  series  of 
memoranda  and  tables,  and  diary.  It  is 
intended  to  appeal  primarily  to  the 
engineer  who  requires  information  in  a 
condensed  form  at  short  notice — a  purpose 
which  it  will  no  doubt  fulfil. 


Publications  Received.* 

Rechentafeln  fiir  Beleuchtungstechniker,  by  W.  Bertelsmann  (Verlag  von  Ferdinand 
Eake,  Stuttgart,  Germany),  a  series  of  tables  for  assisting  the  calculation  of  illumina- 
tion, &c. 

Gesetse,  Erldsse,  Giitachten  und  Entscheidungen,  in  Bezug  aiif  die  gesamte  Installa- 
tionshranche.    (Published  by  the  0 ester r-Ungdi*  Installateurf  Vienna.) 


The  Sixth  Annual  Report  of  the  Deutsches  Museum  'at  Munich.  (R.  Oldenbourg, 
Munich.) 


Catalogue  du  Cabinet  Numismatique  de  la  Fondation  Teyler  d  Harlem.  (Holland.) 


We  have  also  to  acknowledge  the  receipt  of,  among  others,  the  following  journals; — 
American  Chemical  Journal^  Transactions  of  the  Am.  Electrochemical  Society,  Proceed- 
ings of  the  Am.  Institute  of  Elec.  Engineers,  and  the  Am.  Philosophical  Societyj 
Ti-ansactions  of  the  Faraday  Society,  Journal  of  the  Franklin  Institute,  Journal  of  the 
Institution  of  Elec.  Engineers  (London),  Physical  Review,  Journal  of  the  Society  of 
Architects,  Journal  of  the  Western  Society  of  Engineers, 
^  *  To  some  (  f  these  publications  we  hope  to  refer  in  greater  detail  shortly. 


Heating  and  Ventilation. 

The  Koyal  Sanitary  Institute  have  appointed  Prof.  Henry  Adams,  of  the  firm  of 
Henry  Adams  &  Son,  and  Dr.  Louis  C.  Parkes  as  their  representatives  upon  a  joint 
Committee  which  is  being  formed  by  the  Institution  of  Heating  and  Ventilating 
Engineers  to  consider  the  question  of  legislation  in  connection  with  the  ventilation  of 
public  buildings. 
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Review  of  the  Technical  Press. 


ILLUMINATION. 

,  In  the  British  technical  press  there  have 
been  many  references  to  the  recent  dis- 
cussion of  the  Illuminating  Engineering- 
Society  on  the  '  Measurement  of  Light  and 
Illumination/  and  Professor  S.  P.  Thomp- 
son's recent  lectures  before  the  Royal 
Institution  also  receive  comment.  Several 
journals  of  the  United  States  also  refer 
to  the  previous  discussion  of  the  Society 
on  the  subject  of  '  Glare,'  and  Dr.  K. 
Stockhausen's  serial  article  on  the  same 
subject  is  concluded  in  the  Zeitschrift 
fur  Beleuchtungswesen  (February  21st  and 
28th,  and  March  10th). 

Among  other  articles  of  a  general  nature 
special  reference  should  also  be  made 
to  that  by  E.  L.  Elliott  on  '  The  Year's 
Progress  in  Illuminating  Engineer- 
ing,^ in  the  first  number  of  the  new 
volume  of  the  American  Illuminating 
Engineer.  This  joiurnal  also  contains  a 
series  of  expressions  of  opinion  from 
experts  of  all  classes  in  the  United  States, 
who  state  that  the  progress  in  their 
respective  fields  has  been  invariably 
satisfactory ;  this,  it  is  suggested,  is 
largely  due  to  the  Illuminating  Engineer- 
ing movement.  Another  article  by  E.  L. 
Elliott  deals  with  Fixture  Design  from 
the  artistic  standpoint.  It  is  pointed  out 
that  satisfactory  sesthetic  design  must 
always  be  accompanied  by  good  mechanic 
cal  qualities.  A  fixtiu-e  which  appears 
*'weak,'^  in  the  sense  that  it  is  liable 
to  snap  off  or  break,  is  usually  also  weak 
in  the  artistic  sense.  R.  Bernoulli  also 
comraents  upon  the  artistic  side  of 
illumination,  showing  how  very  large 
fixtiu'es  must  necessarily  be  employed  in 
large  rooms  of  a  certain  period  so  as  to  be 
in  harmony  with  the  general  scheme  of 
decoration. 

Another  article  of  a  general  nature 
is  that  entitled  '  The  Meaning  or  Illu- 
minating Engineering  '  {Electrical  Field, 
March,  1910).  The  author  gives  a  summary 
of  the  considerations  on  which  is  founded 
the  recognized  need  for  special  attention  to 
illumination,  and  also  for  a  wide  view 
of  all  its  aspects,  such  as  the  Illuminating 
Engineering  Society  seeks  to  promote. 

Special  reference  may  also  be  made  to 
an  article  by  G.  H.  Stickney  {Elec.  Rev. 
N.Y.,  Feb.  26th)  on  the  Illumination  of 
Industrial  Plants.  The  author  calls 
attention  to  several  difficulties  in  factory 
lighting,    including   the    obstruction  of 


moving  belts,  &c.,  and  the  tendency 
towards  flicker  and  travelling  shadows. 
This  often  necessitates  local  illumination 
in  preference  to  a  general  system.  Mr 
Stickney  also  points  out  that  it  is  usually 
impossible  to  prescribe  a  certain  number 
of  foot-candles  for  all  classes  of  work. 
For  example,  some  experiments  on  the 
illumination  of  targets  used  on  a  220-yard 
range  near  a  rifle  factory  showed  that  the 
artificial  illumination  as  high  as  25  to 
35  candles  wtts  needed  to  secure  the  best 
light ;  yet  for  reading  this  value  might 
rightly  be  regarded  as  excessive. 

P.  Hogner  {E.T.Z.,  March  10th), 
describes  a  series  of  graphical  construc- 
tions relating  to  the  calculation  of  groimd 
illumination  from  sources  of  light,  assum- 
ing a  knowledge  of  their  polar  curves 
of  light-distribution.  He  points  out  the 
difficulty  and  labour  involved  in  working 
out  the  mean  illumination  in  each  case 
and  thinks  that  the  work  might  be  simpli- 
fied if  the  ratio  of  the  maximum  to  the 
minimum  illumination  were  merely  ascer- 
tained for  the  comparison  of  conditions  in 
streets  lighted  in  the  same  manner. 

PHOTOMETRY. 

The  subject  of  Photometry  formed  one 
of  the  most  important  items  under  dis- 
cussion at  the  recent  meeting  of  the 
Illuminating  Engineering  Society  (Lon- 
don), an  account  of  which  will  be  found 
elsewhere  in  this  number.  The  question 
of  Photometric  standards  was  raised  by 
Dr.  J.  A.  Fleming,  and  commented  upon 
in  a  recent  number  of  the  Electrician. 

The  Fucker  Photometer  again  comes 
in  for  considerable  discussion.  J.  S. 
Dow  {Electrical  World,  N.Y.,  Feb.  24th) 
gives  some  account  of  the  Physiological 
Factors  which  may  vmderlie  the  be- 
haviour of  these  instruments,  and  may 
cause  them  to  give  different  results  from 
those  attainable  with  photometers  of  the 
ordinary  variety. 

D.  E.  Rice  in  the  same  journal  also  deals 
with  colour  photometry.  He  describes 
experiments  with  some  flicker  apparatus 
of  the  Rood  type,  in  which  he  utilizes 
different  coloured  papers.  He  finds  that 
when  red  is  compared,  say,  with  green,  and 
also  with  white,  the  relation  between 
green  and  white,  deduced  from  these 
experiments,  agrees  with  that  actually 
found  afterwards.    This  he  regards  as 
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evidence  in  favour  of  the  correctness  of 
the  use  of  flicker. 

H.  Morris  Airey  [Journal  of  the  Institute 
of  Electric  Engineers,  Feb.,  1910)  also 
discusses  the  flicker  photometer.  He 
refers  to  some  researches  which  suggest 
that  the  rate  of  dying  away  of  the  lumin- 
ous sensation  is  not  the  same  in  the  case 
of  different  colours  ;  this  may  lead  to 
peculiarities  in  the  behaviour  of  flicker 
photometers  when  they  are  to  compare 
heterochromatic  sources  of  light. 

Among  other  articles  we  may  refer  to 
that  entitled  '  The  Rating  of  Artificial 
Light  Sources  ^  in  a  recent  number  of 
The  Journal  of  Gas  Lighting.  After 
examining  the  case  in  favour  of  mean 
spherical  candle-power  as  a  means  of 
comparing  different  illuminants,  the 
writer  appears  inclined,  for  practical 
reasons,  to  prefer  measurement'  in  the 
direction  of  the  greatest  candle -poM^er. 

E.  Presser  {E.T.Z.,  Feb.24th)  points  out 
that,  although  the  peculiarities  of  the 
selenium  cell  render  it  a  very  uncertain 
means  of  measuring  intensity  of  light 
absolutely,  yet  it  can  be  effectually  used 
for  relative  measurements.  He  describes 
the  use  of  such  a  cell  in  examining  fluctua- 
tions in  the  light  of  various  arc  lamps, 
and  gives  diagrams  illustrating  its  value 
in  this  connexion.  It  is  interesting  to 
recall  that  W.  Voege*  not  long  ago  under- 
took a  series  of  researches  having  for  their 
object  the  demonstration  of  the  value  of 
the  thermopile  for  measurements  of  this 
cl^s. 

ELECTRIC  LIGHTING, 

There  are  not  a  great  number  of  articles 
on  electric  lighting  to  record  this  month. 

A  paper  by  F.  H.  R.  Lavendar,  now 
published  in  the  J ournal  of  the  Institution 
of  Electrical  Engineers  (London),  describes 
a  series  of  life-tests  on  six  different  types 
of  metallic  filament  lamps,  and  attempts 
to  ascertain  the  ' '  smashing  point  in 
each  case.  It  may  be  mentioned  that  the 
lamps  apparently  give  very  favourable 
results  ;  a  life  of  several  thousand  hours 
is  often  attained,  although  the  lamps  are 
stated  to  be  run  off  the  ordinary  lighting 
mains.  In  the  discussion,  however,  there 
seemed  to  be  an  impression  that  the 
"smashing point  was  very  indefinite,  and 
that  in  any  case  it  was  so  difficult  to  ascer- 
tain practically,  the  exact  point  when  a 
lamp  had  fallen  in  candle-power  the  given 
amount,  that  one  could  not  carry  the 
theoretical  results  into  actual  operation. 

The  use  of  Tungsten  Lamps  for 
Streetlighting  seems  to  be  receiving 
increased  attention,  and  The  Electrician 
has  an  editorial  dealing  with  the  matter. 


J.  P.  King  [Elec.  World,  N.Y.,  Feb. 
17th)  lays  stress  on  the  desirability 
of  not  putting  too  great  a  weight  on  the 
flexible  wire  actually  carrying  the  current 
to  the  lamp  ;  it  may,  however,  be  so  used 
when  the  fixture  carried  is  light.  But  in 
any  case  we  must  guard  against  the 
possibility  of  the  cord  becoming  frayed 
on  a  sharp  corner. 

Among  other  articles,  attention  may 
be  called  to  the  directions  for  Frosting 
AND  Etching  Lamps  in  a  recent  number 
of  The  Electrical  Review  of  New  York. 
A  writer  in  the  E.T.Z.  comments  on  the 
tendency  towards  Reduction  in  the 
Price  of  Metallic  Filament  Lamps, 
and  anticipates  still  further  progress  in 
this  direction.  Other  articles,  such  as 
that  in  the  Zeitschrift  fiir  Beleuchtungs- 
wesen,  deal  with  the  technicalities  in  the 
attachment  of  filaments,  &c. 

GAS,  OIL,    ACETYLENE  LIGHTING,  &c. 

A  number  of  recent  articles  deal 
with  developments  in  High  Pressure 
Gas  Lighting.  Thus  G.  Himmel  {J.f.G., 
Feb.  26th)  and  Luber  (J.f.G.,  Feb.  19th) 
refer  to  the  various  types  of  fixtures 
for  use  with  high  power  hanging  sources. 
The  latter  makes  special  reference  to  the 
use  of  suspended  high-pressure  incandes- 
cent lamps  in  the  streets  and  describes 
lowering  devices,  to  which  the  attention  of 
readers  of  this  journal  has  previously  been 
directed.*  In  this  connection  it  is  also 
interesting  to  notice  that  apparatus  of 
this  kind  is  now  being  tested  in  the  City 
of  London  near  Blackfriars  Bridge  {J.G.L.y 
March  1st). 

There  has  also  been  a  number  of  general 
articles  reviewing  in  a  general  manner 
progress  in  gas  lighting,  in  which  special 
reference  is  made  to  the  Importance  of 
Illuminating  Engineering  from  the 
standpoint  of  the  gas  engineer.  This  H. 
Kendrick  in  his  Presidential  Address 
before  the  Manchester  District  Gas 
Association  {G.W.,  March  5th,  J.G.L.y 
March  1st),  comments  emphatically  on 
this  point  and  refers  to  the  good  work 
likely  to  be  accomplished  by  the 
Illuminating  Engineering  Society  in  this 
country.  A  comprehensive  paper  of  the 
progress  of  the  last  twelve  months  by  I. 
Butterworth  [Prog.  Age,  March  1st)  like- 
wise makes  reference  to  this  matter  and  in 
addition  presents  a  very  useful  summary 
on  recent  developments. 

Among  other  articles  we  note  that  of 
P.  G.  SomerYille  {G.W.  March  5th, 
J.G.L.,  March  1st)  dealing  with  the 
NoN-CoLLODiANiSED  Mantle.    He  points 


*  Ilium.  Eng.,  Lond.,  Vol.  I.,  1908,  p.  239 


*  Ilium.  Eng.,  Lond.,  Vol.  II.,  1909,  p.  639. 
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out  that  such  mantles  are  cheaper,  and  are 
also,  on  account  of  their  pliable  nature, 
excellently  adapted  for  transport,  the 
loss  due  to  breakages  being  estimated  at 
less  than  2  per  cent. 

T.  J.  Litle,  in  a  recent  paper  before  the 
Illuminating  Engineering  Society  in  the 
United  States,  refers  to  the  Convenience 
OF  Gas  Lighting.  He  lays  stress  on 
the  value  to  gas  lighting  of  automatic 
ignition  devices  which  may  enal/le  it  to 
approach  the  convenience  of  electric 
lighting,  of  being  switched  off  from  any 
point.  In  this  connection  he  thinks  the 
recently  developed  pyrophoric  system,  in 
which  a  mixture  of  cerium  and  iron  is 
rubbed  to  produce  a  spark,  may  be  service- 


able. However,  he  also  points  out  that 
the  present  plan  of  having  a  bye -pass  is 
not  without  its  advantages  during  the 
night.  For  it  sheds  a  weak  light  over  the 
room,  and  thus  enables  a  person,  on 
waking  up,  to  find  his  way  about  suffi- 
ciently well  to  turn  the  light  on.  In  the 
case  of  electric  lighting  he  sometimes 
has  to  stumble  about  in  order  to  find  the 
switch,  especially  if  sleeping  in  a  strange 
room. 

Lastly,  reference  should  be  made  to  the 
Special  Convention  Number  of  Light,  in 
which  a  full  and  illustrated  account  is 
given  of  the  recent  gathering  of  the 
National  Commercial  Gas  Association 
in  the  United  States. 
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EDITORIAL. 


The  Measurement  of  Lig^ht  and 
Illumination. 

The  discussion  on  this  subject,  ad- 
journed from  the  last  meeting  of  the 
Illuminating  Engineering  Society  on 
March  15th,  was  continued  on  Thurs- 
day, April  14th.  On  this  occasion  the 
more  practical  applications  of  photo- 
metry were  considered.  A  number  of 
forms  of  Illumination-photometers  were 
exhibited  in  actual  operation,  and  the 
proceedings  should  be  influential  in 
helping  to  establish  the  impression 
that  the  measurement  of  illumination 
for  practical  purposes  is,  in  the  hands 
of  experts,  a  comparatively  simple 
matter. 

The  Illuminating  Engineering  move- 
ment in  this  country  has  now  reached 
a  stage  at  which  we  should  endeavour 
to  collect  detailed  information  regard- 
ing the  amount  of  light  required  under 
various  circumstances.  In  studying 
this  matter  it  is  of  course  essential 
that  we  should  have  at  our  disposal 
simple    and    convenient    forms  of 


measuring  instruments.  In  ^practical 
measurements  of  this  kind  we  do  not 
so  much  require  to  attain  the  same 
accuracy  as  in  the  laboratory,  though 
we  certainly  ought  to  realize  the 
extent  of  the  possible  error  we  may 
incur.  Many  of  the  instruments  now 
available  answer  the  requirements  in 
this  respect.  We  ought,  however,  to  do 
everything  possible  to  make  such  an 
instrument  portable  and  simple  to 
operate,  in  order  that  the  measure- 
ment of  illumination  may  now  come 
to  be  looked  upon  as  a  natural  and 
familiar  process.  We  hope  the  time 
is  not  far  distant  when  any  description 
of  the  lighting  installation  of  a  building 
will  be  considered  incomplete  without 
a  record  of  actual  measurements  of  the 
existing  illumination. 

We  should  also  like  to  draw 
attention  to  the  suggestive  paper 
by  Dr.  W.  E.  Sumpner,  presented 
at  the  last  meeting  of  the  Society, 
which  will  be  found  in  this  number  on 
page  323.     We  have  already  received 
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communications  from  Dr.  L.  Bloch, 
Prof.  Dr.  Ulbricht,  and  others  dealing 
therewith,  and  mean  to  publish  these 
in  our  next  number.  Anything  that 
can  be  done  to  simplify  the  existing 
apparatus  for  the  determination  of  the 
total  amount  of  light  from  a  source 
would  assuredly  be  welcomed,  and 
opportunities  should  certainly  be  pre- 
sented for  the  bringing  forward  of 
suggestions  of  this  kind.  During  the 
next  session  of  the  Society  it  is  pro- 
posed to  devote  the  ordinary  monthly 
meetings  of  the  Society  to  subjects 
of  general  interest  such  as  school-, 
shop-,  library-,  and  street  -  lighting, 
<&c.,  and  also  to  hold  more  or 
less  informal  sectional  meetings  in 
between,  which  would  be  allotted  for 
the  discussion  on  points  of  technical 
interest  to  certain  groups  of  members. 
In  this  way,  and  also  through  the 
formation  of  Committees,  we  shall  be 
able  to  deal  effectually  with  matters 
of  detail  as  well  as  to  stimulate  public 
interest  in  general  questions  of  illu- 
mination. 

Sufeested  Standard  Conditions 
of  Testing:  Intensity  of 
Illumination. 

One  of  the  matters  which  received 
special  attention  at  the  meeting  re- 
ferred to  above  was  the  oft-debated 
question  as  to  the  best  method  of  ex- 
pressing street-  and  interior  illumina- 
tion (i.e.,  whether  in  a  vertical  or  hori- 
zontal plane,  &c.).  In  this  connexion 
we  should  like  to  make  special  refer- 
ence to  a  most  interesting  account  of 
the  deliberations  of  the  Sub -Com- 
mittee on  Photometry  of  the  Verband 
Deutscher  Elektrotechniker,  some  par- 
ticulars of  which  we  have  just  received 
from  Dr.  L.  Bloch,  and  we  propose  to 
give  the  contents  thereof  in  extenao  in 
our  next  number. 

This  Sub-Committee  have  had  before 
them  the  consideration  of  the  exact 
terms  employed  and  conditions  under 
which  measurements  of  illumination 
should  be  made.  They  desired  to  adopt 
some  method  which  should,  if  possible, 
be  acceptable  both  to  gas  and  electrical 
engineers,  and  applicable  both  to  ex- 


ternal and  internal  lighting.  One  of 
the  first  items  considered  was  the 
plane  in  which  measurements  should 
be  made.  In  dealing  with  this  matter 
they  recognize  that  both  horizontal 
and  vertical  illumination  are  important, 
but,  as  a  result  of  examining  the  light- 
ing in  the  case  of  a  wide  variety  of 
streets,  they  find  that  the  latter  is 
almost  invariably  very  much  higher 
than  the  former.  They  consider,  there- 
fore, that  if  the  horizontal  illumination 
be  adequate  the  illumination  in  a 
vertical  plane  will  also  be  sufficient. 
Again,  the  prevailing  tendency  in 
Germany  in  street-lighting  is  to  place 
the  lamps  at  a  higher  level  so  as  to 
reduce  glare  to  a  minimum,  and  to 
avoid  short  lamp-posts.  This,  it  is 
stated,  serves  to  render  the  disparity 
between  vertical  and  horizontal  mea- 
surement much  less  marked. 

The  Sub-Committee  therefore  re- 
commend tentatively  that  the  speci- 
fication of  horizontal  illumination  alone 
is  sufficient,  the  more  so  as  in  the 
majority  of  buildings,  as  well  as  in 
the  streets,  it  is  almost  invariably  the 
horizontal  illumination,  on  tables,  &c., 
which  is  of  the  greatest  consequence. 
They  state  further  that  measurements 
should  be  made  at  the  convenient 
height  of  1  metre  (3  ft.  4  in.)  above 
the  ground  or  floor,  and  that  the  mean, 
maximum,  and  minimum  values  should 
be  given. 

As  regards  the  units  employed,  the 
illumination  is  to  be  expressed  in  "  lux." 
Specific  consumption  should  be  stated 
in  terms  of  watts  for  electric  lamps  or 
litres  of  gas  per  hour  in  case  of  gas, 
per  square  metre  of  floor  area,  and 
comparisons  of  different  systems  of 
illumination  should  be  made  in  terms 
of  these  quantities. 

These  suggestions  have  now  been 
accepted  by  the  Photometrical  Com- 
mittee, and  will  be  brought  forward  at 
the  annual  meeting.  It  is  proposed 
that  they  should  be  adopted  provision- 
ally for  one  year,  and  any  small  altera- 
tions or  additions  that  may  be  necessary 
will  be  brought  up  for  discussion  after 
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that  period.  The  suggestions  have 
been  laid  before  the  Deutscher  Verein 
von  Gras-  und  Wasserfachmannern  with 
the  request  that  they  should  consider 
their  adoption  and  suggest  any  desir- 
able modifications.  In  conclusion  a 
hope  is  expressed  that  all  engineers 
interested  in  lighting  problems  will 
co-operate  together  to  deal  with  ques- 
tions of  this  kind,  so  as  to  obtain  a 
common  basis  of  working  in  measure- 
ments of  illumination,  &c. 

It  gives  us  great  pleasure  to  see 
that  our  friends  in  Germany,  who  have 
already  done  so  much  towards  the 
standardization  of  photometrical  terms 
and  processes,  are  now  taking  up 
the  question  of  actual  illumination- 
measurements  in  the  same  way.  (Most 
of  the  members  of  this  Committee,  it 
may  be  added,  are  also  members  of 
our  Society).  This  is  an  excellent  illus- 
tration of  the  progress  that  has  been 
made  towards  the  more  scientific  treat- 
ment of  problems  in  illumination.  A 
few  years  ago  the  idea  of  basing  prac- 
tical comparisons  of  different  systems 
of  lighting  upon  actual  illumination 
provided  might  have  been  considered 
illusory  to  a  degree.  Now  we  see 
general  agreement  not  only  in  prin- 
ciple but  even  in  detail.  The  matter 
is  one  which  should  commend  itself  to 
all  those  in  this  country  who  have  the 
cause  of  illuminating  engineering  at 
heart,  and  we  hope  that  we  shall  soon 
be  able  to  secure  similar  agreement. 

The  Public  Lighting  of 
Westminster. 

We  publish  elsewhere  a  reference  to 
the  important  decision  of  the  West- 
minster City  Council  regarding  the 
lighting  of  the  locality  round  Piccadilly 
Circus. 

There  are  several  points  of  special 
interest  to  us  in  the  arrangements — 
points  which  illustrate  very  forcibly 
the  change  in  attitude  towards  the 
question  of  public  lighting  of  recent 
years.  It  has  often  been  pointed  out 
that  any  contract  for  street  lighting  in 
which  there  is  no  proper  safeguard 
that  the  illumination  will  not  fall 


below  a  specified  figure  must  be  con- 
sidered inadequate.  In  too  many  of 
the  contracts  of  the  past  there  was 
little  or  no  attention  paid  to  this 
point,  notwithstanding  the  fact  that  it 
is  the  illumination  of  the  street,  simply 
and  solely,  for  which  the  public  really 
pay.  Now  the  contract  in  this  case 
seems  to  be  at  least  based  primarily 
upon  the  candle-power  of  the  sources 
supplied.  This  is  still  not  the  ultimate 
criterion  of  good  lighting,  but  it  is  a 
step  towards  the  theoretically  ideal 
arrangement  of  a  specified  minimum 
street-illumination . 

A  second  point  that  deserves  refer- 
ence is  the  imposition  of  a  penalty  of 
5s.  a  day  in  the  event  of  any  of  the 
bigger  candle-power  lamps  in  the 
street  not  giving  its  certified  candle- 
power,  and  6c?.  per  day  for  the  smaller 
units.  We  do  not  observe  any  state- 
ment regarding  the  manner  in  which 
this  test  is  to  be  conducted,  nor  the 
fall  in  candle-power  which  would  be 
considered  a  basis  for  action  on  the 
above  grounds.  But  the  imposition  of 
a  penalty  of  this  kind  serves  to  show 
the  trend  of  thought  on  the  part  of 
municipal  authorities,  and  will,  at 
least,  be  considered  a  step  in  the  right 
direction. 

One  other  incident  in  connexion 
with  this  recent  decision  is  of  interest. 
A  number  of  shopkeepers  in  neigh- 
bouring streets  forwarded  a  petition  to 
the  Council  previous  to  the  final 
decision,  emphasizing  their  claims  as 
large  ratepayers  and  pointing  out  the 
importance  to  them  of  good  illumina- 
tion of  the  thoroughfares  referred  to ; 
they  also  expressed  their  preference 
for  an  electrical  system  of  lighting. 
In  this  case  we  are  not  concerned  with 
the  question  whether  their  apparent 
distrust  of  the  proposed  change  was 
justified,  as  they  have  not  yet  had  an 
adequate  opportunity  of  making  a 
comparison.  But  it  may  be  pointed 
out  that  their  action  again  serves  to 
show  that  shopkeepers  as  a  class  are 
becoming  alive  to  the  importance  of 
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good  lighting  in  the  streets  in  which 
their  premises  are  situated. 

Factory  Lig^hting. 

On  Saturday,  April  2nd,  a  lecture 
on  Factory  Lighting  was  delivered  by 
the  writer  before  the  Association  of 
Foreman  Engineers  and  Draughtsmen  ; 
this  was  followed  by  a  brisk  discussion, 
an  abstract  of  which  will  be  found  on 
page  336.  It  is  worthy  of  remark 
tha's  most  of  those  participating  were 
men  holding  prominent  positions  in 
large  works,  and  therefore,  acutely 
concerned  with  the  problem  of  factory 
lighting. 

At  the  end  of  the  evening  many  of 
those  present  confessed  that  there  was  a 
great  deal  more  to  be  studied  in  the  sub- 
ject, than  they  had  supposed.  Initially, 
several  speakers  seemed  to  be  under 
the  impression  that  a  definite  general 
reply  could  at  once  be  given  to  the 
query  "  What  is  the  best  system  for 
lighting  factories  ?  "  In  the  discus- 
sion which  followed,  this  belief  was 
quite  disposed  of,  and  the  remarks  of 
several  speakers  helped  to  drive  home 
the  conviction  that  it  is  not  only  the 
choice  of  an  illuminant  which  deter- 
mines whether  the  conditions  of 
illumination  are  efficient  and  inexpen- 
sive, but  also,  and  perhaps  even  to  a 
greater  extent,  the  way  in  which  the 
sources  of  light  are  used. 

A  recent  article  by  Mr.  L.  B.  Marks, 
an  abstract  of  which  is  also  included 
in  this  number,  provides  an  excellent 
illustration  of  the  truth  of  this  remark. 
In  certain  weaving  mills  in  the  United 
States  a  system  of  local  lighting  over 
each  loom  was  provided.  It  was  dis- 
covered, however,  that  over  a  space 
of  a  single  loom,  about  6  ft.,  the  inten- 
sity of  illumination  at  one  end  proved 
to  be  about  100  times  that  of  the 
other.  At  one  extremity  the  expendi- 
ture of  light  was  extravagant,  and  at 
the  other  the  illumination  was  far  too 
low.  By  a  slight  modification  a  much 
more  uniform  arrangement  was  secured 
—  the  range  of  variation  being  now 
only  about  2  J  to  1,  which  was  considered 
quite  permissible  —  and  conditions 


provided  which  were  much  more 
satisfactory  both  to  the  owners  of  the 
mill  and  the  workers. 

Problems  in  Radiation  and  the 
Production  of  Li^ht. 

In  this  number  the  communication 
of  Dr.  W.  W.  Coblentz  on  the  Distri- 
bution of  Energy  in  the  Spectra  of 
Artificial  lUuminants  is  completed. 
This  series  of  articles  has  contained  an 
exceptionally  complete  account  of  the 
nature  of  radiation  of  different  sources 
of  light,  and  will,  we  hope,  lead  to 
some  profitable  discussion  in  these 
columns.  As  announced  when  this 
article  was  commenced,  we  shall  now 
be  prepared  to  consider  the  publication 
of  any  comments  that  our  readers  may 
wish  to  make. 

The  discussion  of  these  difficult  and 
somewhat  abstruse  questions  may  ap- 
pear to  verge  on  the  purely  scientific 
rather  than  the  more  practical  aspect 
of  illumination.  Yet  their  direct 
bearing  on  the  production  of  light  can- 
not be  ignored.  The  estimate  which 
Dr.  Coblentz  gives  for  the  efficiency 
of  different  sources  of  light  shows 
that  our  success  in  this  direction  has 
been  as  yet  very  modified  indeed. 
Most  artificial  sources  of  light  produce 
only  a  minute  portion  of  the  energy 
given  to  them  in  the  form  of  light. 
The  figures  quoted  by  various  autho- 
rities naturally  differ  somewhat,  but 
all  are  agreed  that  this  percentage  is 
very  low. 

Great  as  have  been  the  advances  of 
the  last  few  years,  it  is  possible  that 
we  are  on  the  eve  of  yet  greater 
developments.  But  the  timfe "  has 
passed  when  any  progress  can  be  made 
except  as  the  result  of  steady,  per- 
sistent, and  scientific  efforts.  It  is 
quite  possible,  therefore,  that  a  study 
of  these  complex  scientific  phenomena, 
abstruse  as  they  appear,  may  open  up 
the  way  to  great  practical  develop- 
ments, and  Dr.  Coblentz's  communica- 
tion constitutes  an  excellent  summary 
of  the  present  position  and  the  possi- 
bilities of  future  success. 

Leon  Gaster. 
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Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  (p.  295)  continues 
his  description  of  Various  Types  of 
Photometrical  Instruments.  In  the 
present  number  he  gives  an  account  of 
the  instruments  due  to  Weber,  and 
Sharp  &  Millar  respectively.  He  also 
deals  in  some  detail  with  the  quality  of 
the  screen  on  which  the  illumination 
is  received  in  the  latter  form  of  instru- 
ment, and  gives  some  diagrams  showing 
the  nature  of  its  reflecting  power  at 
different  angles. 

On  page  301-324  will  be  found  a 
complete  account  of  the  adjourned  dis- 
cussion on  the  Measurement  of  Light 
AND  Illumination  at  the  last  meeting 

of  the  Jllumtnating  lEngiueedng 
Society. 

Mr.  A.  P.  Trotter  describes  his  form  of 
illumination  photometer  and  gives  his 
experiences  regarding  the  best  con- 
ditions of  measurement  in  actual 
practice  and  the  degree  of  accuracj^ 
necessary  and  obtainable  ;  this  he  says 
need  not  in  any  case  exceed  about 
2  per  cent.,  while  5  per  cent,  is  more 
usual.  Mr.  Trotter  advocates  the 
measurement  of  illumination  in  an 
horizontal  plane. 

Mr.  L.  Wild  gives  his  experiences  on 
the  question  of  the  sensitiveness  of 
different  types  of  photometers.  He 
gives  a  table  showing  the  results  of 
testing  a  number  of  existing  types  of 
screens,  and  describes  several  new 
devices  recently  used  by  him  with 
success. 

Mr.  J.  G.  Clark  refers  to  the  desira- 
bihty  of  giving  polar  curves  of  light 
distribution  of  sources  of  light  as  well  as 
their  mean  spherical  and  mean  hemi- 
spherical candle-power.  He  also  refers 
to  the  use  of  the  Simmance-Abady 
street  photometer  and  states  that,  in 
many  cases,  he  prefers  to  measure  the 
candle-power  of  the  source  of  light  from 
time  to  time,  as  a  check  on  the 
illumination,  rather  than  the  illumina- 
tion itself. 

Mr.  Haydn  T.  Harrison  describes 
his  form  of  photometer  and  confirms 


Mr.  Trotter's  suggestion  that  in  street 
work  an  accuracy  of  more  than  5 
per  cent  need  not  be  looked  for.  How- 
ever, he  does  not  approve  of  the  use  of  an 
horizontal  screen. 

Mr.  P.  J.  Waldram  refers  to  the 
measurement  of  daylight  illumination 
and  shows  how  the  eye  is  itself  a  most 
unsatisfactory  measuring  instrument, 
unless  it  receives  the  assistance  of 
special  photometrical  apparatus. 

Following  this  will  be  found  the 
communications  of  a  number  of  corre- 
sponding members.    Prof.  A.  Blondel 

describes  a  number  of  forms  of  photo- 
meters recently  devised  and  used  by 
himself,  and  also  gives  a  general 
summary  of  the  existing  methods  of 
determining  mean  spherical  candle- 
power  by  the  use  of  such  instruments 
as  the  "  Mesophotometer  "  and  Lumen- 
meter,  &c.  ;  he  also  makes  a  few 
criticisms  on  the  use  of  the  Ulbricht 
globe.  He  is  of  an  opinion  that  there 
is  no  really  satisfactory  method  of  com- 
paring sources  of  light  which  are 
radically  different  in  colour,  and  that 
the  flicker  photometer  is  not  to  be 
trusted  for  this  purpose. 

Dr.  M.  Corsepius  speaks  with  approval 
of  the  use  of  tinted  screens  as  a  means 
of  bringing  the  colour  of  the  light  from 
commercial  illuminants  into  better 
agreement  with  that  of  photometrical 
standards.  He  also  points  out  the 
uncertainly  that  is  liable  to  be  induced 
in  comparisons  between  arc  lamps  and 
incandescent  glow  lamps,  owing  to  the 
fact  that  the  former  are  usually  rated 
in  terms  of  means  hemispherical  and 
the  latter  in  terms  of  horizontal 
candle-power. 

Mr.  W.  J.  Gady  gives  a  summary 
of  the  best  methods  of  obtaining 
polar  curves  of  light  distribution  and 
quotes  some  figures  shomng  that  the 
CO -efficient  of  the  reflection  of  mirrors 
vary  somewhat  according  to  the 
wave  length  of  light.  He  also  refers 
to  the  difficulties  involved  in  testing 
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reflectors ;  among  these  is  the  possibiHty 
that  different  results  may  be  obtained 
if  the  distance  of  the  source  of  hght 
to  the  reflector  is  varied. 

Mr.  A.  A.  Wohlauer  emphasises 
desirabihty  of  comparing  different 
sources  of  hght  in  terms  of  the  total 
flux  of  light  produced.  Mr.  W.  R. 
Cooper  makes  some  comments  on  the 
question  of  the  detail  revealing  power  of 
light  of  different  colours,  and  offers 
some  suggestions  regarding  a  specifi- 
cation for  daylight  and  artificial  illu- 
mination. Mr.  J.  S.  Dow  makes  some 
remarks  on  the  sensitiveness  of  photo- 
meters. 

Dr.  W.  W.  Coblentz  in  the  present 
number  concludes  his  communication 
on  The  Distribution  of  Energy  in 
THE  Spectra  of  Artificial  Illu- 
MiNANTS  (p.  329).  He  gives  particulars 
of  vacuum  tube-  and  spark-  spectra, 
and  concludes  by  a  short  summary 
regarding  the  luminous  efficiency  of 
modern  sources  of  light. 

This  is  followed  by  a  short  note  on  the 
legal  aspects  of  Shop-window  Display. 
A  difficulty  experienced  by  shop- 
keepers is  that  any  attempt  to  make 
their  windows  attractive  is  apt  to  cause 
a  crowd  to  assemble  and  thus  to  bring 
them  within  reach  of  the  law  ;  the 
Jighting  of  the  window  being  one  of  the 
most  potent  means  of  attracting  atten- 
tion, this  subject  is  of  some  consequence 
to  those  interested  in  illumination. 

Reference  may  also  be  made  to  a 
note  on  the  recent  decision  of  the 
Westminster  and  City  Council  regarding 
the  Lighting  of  Piccadilly  and  the 
streets  in  this  locality  ;  this  was 
formerly  accomplished  by  arc  lamps, 
but  is  now  to  be  done  by  high  pressure 
inverted  incandescent  gas  lamps. 

An  abstract  is  published  of  an  address 
on  Factory  Lighting  delivered  by  Mr. 
L.  Caster  before  the  Association  of 
Foremen  Engineers  and  Draughtsmen 
(p.  335).  Some  illustrations  are  also 
given  of  factories  of  various  kinds 


lighted  by  high  pressure  gas  and  flame 
arclamps  respectively.  It  is  pointed 
out  that  two  chief  systems  of  illumi- 
nation prevail  in  factories.  Sometimes 
a  general  diffused  lighting  is  ainied  at  : 
in  others  local  lighting  is  used.  Both 
have  their  respective  fields.  It  is, 
however,  essential  to  provide  a  system 
in  which  the  light  is  sufficiently  strong, 
and  to  avoid  anything  in  the  nature 
of  glare.  Flickering  shadows  must 
also  be  prevented.  FolloAving  will 
be  found  a  short  note  on  some  recent 
experiences  of  Mr.  L.  B.  Marks  in  con- 
nection with  the  Illumination  of 
Weaving  Mills  in  the  United  States. 
He  explains  how  the  illumination  over 
the  looms  was  originally  very  unequal, 
being  extravagant  at  one  end  of  the 
loom  and  far  too  weak  at  the  other. 
By  a  slight  modification  a  much  more 
uniform  and  satisfactory  result  was 
secured. 

On  p.  341  will  be  found  a  critical 
article  referring  to  the  Lighting  of  the 
New  South  Kensington  Museum. 
The  author  explains  how  the  con- 
ventional official  arrangements  are  in 
some  respects  inconvenient  as  regards 
planning  the  illumination  and  points 
out  some  defects  in  the  existing  system 
of  lighting. 

In  the  Correspondence  Columns  Mr. 
A.  J.  Marshall  points  out  the  Value  of 
Illuminating  Engineering  to  the 
Gas  Engineer,  and  mentions  some 
examples  of  co-operation  in  the  United 
States  (p.  353).  Another  correspondent 
gives  a  few  illustrations  of  the  existence 
of  glare  in  London  (p.  354).  He 
alludes  to  the  glaring  effect  of  the 
unscreened  lamps  over  the  orchestra  in 
certain  London  Halls,  and  also  to  the 
prejudicial  effect  of  placing  naked  fila- 
ments between  the  eye  and  the  notice 
they  are  intended  to  illuminate,  as 
exemplified  in  some  of  the  tube- 
railways. 

At  the  end  will  be  found  the  usual 
Review  of  the  Technical  Press 
(p.  357). 
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Illumination,  Its  Distribution  and  Measurement. 

By  a.  p.  Trotter, 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p.  223,  Vol.  III.) 


The  Weber  Photometer. — This  instru- 
ment was  invented  by  Dr.  Leonhard 
Weber,  and  described  in  1883*  as  a 
portable  photometer.  At  an  early 
date  it  was  used  in  conjunction  with  a 
white  reflecting  screen  for  measuring 
illumination,  like  the  first  Preece  photo- 
meter, f 


Fig.  114.— The  Weber  Photometer. 

A  horizontal  tube,  Fig.  114,  carries 
a  long  slender  benzine  or  amyl-acetate 
lamp  at  one  end,  and  at  the  othei,  a 
transverse  tube  which  can  be  inclined 
at  any  desired  angle. 

The  transverse  tube  has  an  eye-piece 
at  one  end,  and  a  disc  of  opal  glass 
at  the  other.  The  eye-piece  is  pro- 
vided with  a  reflecting  prism  for  con- 
venience in  use  when  the  transverse 

*  Wied.  Ann.  20,  p.  326,  and  Palaz.  Treatise  on 
Photometry,  p.  85. 
t  Fig.  90,  Vol.  II.,  p.  656. 


tube  is  pointed  upwards.  Another 
disc  of  opal  glass  is  arranged  to  move 
in  the  horizontal  tube.  The  two  discs 
are  viewed  and  compared  by  a  Lummer- 
Brodhun  double  prism.  A  scale  on 
the  horizontal  tube  allows  the  position 
of  the  moveable  screen  to  be  read  on 
a  uniformly  divided  scale. 

The  Weber  photometer  arranged  for 
measuring  illumination  is  generally 
represented  with  a  large  white  screen 
set  at  an  angle  with  it,  and  a  pro- 
jecting hood  or  tube  to  prevent  stray 
light  from  entering  the  instrument. 
This  arrangement  is  shown  by  dotted 
lines  in  Fig.  115.  The  original  use  of 
this  instrument  with  a  white  reflecting 
screen  was  probably  due  to  a  greater 
confidence  in  the  application  of  the 
cosine  law  to  the  reflecting  power  of  a 
matt  white  surface  than  in  its  applica- 
tion to  a  translucent  screen  of  opal 
glass  ;  but  Mr.  Preston  S.  Millar  has 
shown  that  when  a  disc  of  opal  glass 
is  ground  on  both  sides  it  behaves 
fairly  well,  and  this  being  the  case, 
the  instrument  is  suitable  for  use  as  an 
illumination  photometer,  and  offers 
the  valuable  feature  of  commanding 
an  unrestricted  view  of  the  whole 
hemisphere. 

The  use  of  a  benzine  lamp  as  a  sub- 
standard has  been  common  in  Germany; 
it  must  be  allowed  to  burn  for  ten  or 
fifteen  minutes  before  any  measure- 
ments are  made,  and  the  height  of  the 
flame  must  be  adjusted  with  care. 
This  lamp  has  been  found  very  useful 
for  indoor  work,  but  for  street  use 
the  modern  glow-lamp  and  battery  are 
undoubtedly  much  better.  It  is  clear 
that  the  range  of  the  instrument  is  not 
great,  and  that  for  the  higher  readings, 
when  the  moveable  screen  approaches 
the  source  of  light,  the  law  of  the  squares 
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of  the  distance  cannot  be  depended 
upon,  especially  if  so  large  a  source  as 
a  flame  is  used.  The  scale  must  there- 
fore be  calibrated  by  experiment. 
The  instrument  is  imperfectly  described 
by  Palaz,  both  in  the  original  work 
and  the  translation.  Considerable 
attention  is  given  to  it  by  Stine.* 
The  photometer  of  Mascartj  resembles 
that  of  L.  Weber  in  many  respects. 
Good  early  work  on  the  distribution  of 
illumination  was  done  also  with  this 
instrument.  The  photometer  of  Blondel 
and  Broca}  is  another  instrument  in 


consideration,  and  a  few  others,  Mr. 
Preston  S.  Millar  has  designed  an 
instrument  in  collaboration  with  Mr. 
Clayton  H.  Sharp,  and  his  preparation 
for  the  work  gives  it  special  interest, 
for  most  inventors  (with  the  exception 
of  Mr.  Haydn  Harrison  who  has  used 
my  photometer  and  developed  a  modi- 
fication for  his  own  special  purposes), 
seem  to  have  given  but  little 
attention  to  the  work  of  others.  This 
was  not  surprising,  for  until  lately 
very  little  has  been  published  on  the 
subject.    It  is  noteworthy  that  the 
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Fig.  115.— The  Weber  Photometer  Section. 


which  translucent  screens  are  used. 
The  light  is  controlled  by  an  iris  dia- 
phragm. 

The  Sharp  and  Millar  Photometer. — 
After  his  critical  examination§  of  all 
illumination   photometers   worthy  of 


*  Stine.  Photometrical  Measurements,  p.  78. 

t  Palaz,  p.  65.  Also  P.  S.  Millar,  The  II- 
luminatina  Engineer  of  New  York,  Vol.  II., 
p.  481,  and  Journal  of  Gas  Lif/hting,  1907,  p.  632. 

X  P.  S.  Millar.  7^ he  Illuminating  Engineer  of 
New  York,  Vol.  II.,  p.  479,  and  Journal  of  Gas 
Lighting,  1907,  p.  634. 

§  Millar.  Illuminating  Engineering  Society  of 
Boston,  1907.  The  Illuminating  Engineer  of 
New  York,  Vol.  1  J.,  p.  475.  See  The  Ilhiminating 
Engineer  (London),  Vol.  II.,  p.  727,  and  Joiirnal 
of  Gas  Lighting,  19(J7,  p.  630. 


Sharp  and  Millar  illumination  photo- 
meter* resembles  that  of  Dr.  L.  Weber 
more  than  any  other  type. 

The  instrument  consists  of  a  long  box, 
the  exterior  is  shown  in  Fig.  116  and 
the  principal  parts  are  illustrated  in 
Fig.  117. 

An  elbow  tube,  which,  like  the  trans- 
verse tube  of  the  Weber  instrument, 
can  be  turned  and  clamped  in  any 
direction,  is  attached  to  one  end  of  the 
box.  A  disc  of  opal  glass  ground  on  each 
surface,  covers  the  end  of  the  tube. 

*  See  The  Electrician,  Vol.  LX.,  p.  562, 
Jan.  24th,  1908. 
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At  the  elbow  a  mirror  is  fixed.  A 
partition  in  the  box  carries  another 
opal  screen.  This  is  illuminated  by  an 
electric  lamp  which  may  be  moved 
by  cords  and  a  large  handle.  The  two 
screens  are  compared  by  a  Lummer- 


at  different  angles.  The  reason  why 
Mr.  Millar  has  used  a  translucent  screen 
instead  of  matt  white  reflector  is  to 
enable  him  to  command  an  unobstructed 
view  of  the  whole  hemisphere  facing 
the  test  plate,  and  he  achieves  this 


Fig.  116.— The  Sharp  and  Millar  Photometer. 


Brodhun  double  prism.  The  principle 
is  therefore  identical  with  that  of  L. 
Weber,  except  that  the  internal  opal 
screen  is  fixed,  and  the  lamp  is  move- 
able. A  translucent  celluloid  scale 
allows  the  shadow  of  an  index  to  be 
clearly  visible.  In  order  to  avoid  errors 
due  to  reflected  light,  a  number  of 
light  diaphragms  (not  shown  in  the 
illustration)  are  used.  The  range  would 
be  small  were  it  not  that  two  neutral 
grey  glass  screens  are  provided.  One 
of  these  transmits  about  10  and  the 
other  about  1  per  cent  of  the  light. 
Since  either  or  both  screens  may  be 
interposed  between  the  interior  opal 
screen  and  the  double  prism,  or  between 
that  prism  and  the  test  plate,  the  range 


by  viewing  it  from  beneath.  He  has 
mistrusted  the  application  of  the  cosine 
law  to  matt  white  reflectors,  but  it  is 
doubtful  whether  his  test  plate  presents 
any  advantage  in  this  respect  over  a 
good  opaque  screen.  Since  the  diagram 
in  The  Electrician  giving  the  departures 
from  the  cosine  law  does  not  appear 
to  do  justice  to  the  screen,  I  have  asked 
Mr.  Millar  for  the  actual  results  of 
tests.  He  has  been  good  enough  to 
send  me  a  specimen  test  plate,  and  a 
curve  which  is  reproduced  in  Fig.  118. 
From  this  I  have  constructed  Fig.  119 
for  the  purpose  of  comparison  with 
Figs.  103,  104,  and  105.  Mr.  Millar's 
method  of  plotting  Fig.  118  which 
gives  the  error  per  cent  at  different 


Fig.  117.— The  Sharp  and  Millar  Photometer.  Section. 


is  largely  extended.  An  adjustable 
resistance  allows  the  candle-power  of 
the  electric  lamp  to  be  adjusted  so  that 
the  scale  becomes  direct  reading. 

One  of  the  most  important  points  in 
such  an  instrument  is  the  behaviour 
of  the  test  plate  for  light  falling  on  it 


angles  is  the  better  way  of  showing  the 
errors  at  large  angles  of  incidence. 

This  photometer  is  well  adapted  for 
ordinary  candle-power  measurement, 
since  the  elbow  tube  can  be  turned  in 
any  direction.  The  inventors  claim 
that  the  variable  distance  method  has 
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the  great  advantage  that  its  indications 
depend  upon  a  known  law,  and  that 
consequently  a  scale  can  be  made 
from  calculation  and  not  as  a  result 
of  various  trials. 

Notwithstanding  the  simplicity  of 
the  law  of  inverse  squares,  it  seems 
likely  that  at  high  illuminations  some 
allowance  must  be  made  for  error  due 
to  the  size  of  the  lamp.    At  the  extreme 


Fig.  118.— Sharp  and  Millar  Test  Plate  Angle 
Errors. 

right  hand  end  of  the  scale  the  distance 
of  the  lamp  from  the  opal  screen  appears 
to  be  about  twice  the  length  of  the 
filament  of  the  lamp.  The  right  hand 
end  of  the  scale  is  very  contracted,  a 
small  movement  of  the  lamp  makes 
a  large  difference  in  the  illumination, 
and  unless  a  plain  horse-shoe  filament 
is  used,  the  theoretical  position  of  the 
lamp  must  be  difficult  to  settle.  It  is 
doubtful  whether  any  portable  photo- 
meter has  ever  been  constructed  which 
may  be  relied  upon  to  act  according 
to  a  theoretical  principle.  Where  an 
accuracy  of  ordinary  working  of  3  or 


4  per  cent  is  intended,  the  scale  should 
be  accurate  to  at  least  IJ  per  cent. 

The  illumination  photometers  which 
have  been  described  have  test  plates 
so  arranged  that  light  can  fall  on  them 
from  every  direction,  the  observer's 
body  being  the  only  obstruction,  and 


Fig.  119.— Sharp  and  Millar  Test  Plate  Angle 
Errors. 

even  this  is  avoided  in  the  Sharp  and 
Millar  photometer.  Another  class  of 
instruments  intended  rather  for  indoor 
work,  such  as  measuring  the  illumination 
on  a  desk,  have  a  test  plate  so  situated 
that  the  directions  from  which  light  can 
fall  on  it  are  limited. 

(To  he  continued.) 


The  "Fondation  George  Moi 

Our  attention  has  been  drawn  to  the 
fact  that  the  above  prize  is  to  be 
awarded  (for  the  first  time)  in  1911, 
subsequent  to  the  international  elec- 
trical congress  to  be  held  in  that  year. 
The  prize  accrues  from  the  interest  no 
a  sum  of  150,000  francs,  and  is  awarded 
every  third  year  for  an  original  treatise 
on  recent  developments  in  the  scientific 
and  industrial  aspects  of  electricity. 
The  decision  rests  with  a  committee 


teflore  Levi"  Triennial  Prize. 

which  is  composed  half  of  Belgian 
engineers,  and  half  of  engineers  repre- 
senting other  nations,  under  the  presi- 
dency of  the  Director  of  the  Montefiore 
Electro-technical  Institute.  Papers 
must  be  received  by  March  31st,  1911, 
and  may  be  written  either  in  French 
or  English.  All  particulars  may  be 
obtained  from  M.  le  Secretaire-archi- 
viste  de  la  Fondation  George  Montefiore 
a  I'hotel  de  I'Association,  rue  St.  Giles, 
31,  Liege  (Belgium). 
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The  Lighting  of  Westminster. 


An  important  decision  has  recently 
been  arrived  at  by  the  Westminster 
and  City  Lighting  Committee  regard- 
ing the  illumination  of  the  area  of 
London  in  the  neighbourhood  of 
Piccadilly  Circus,  In  the  Circus  itself 
and  also  in  the  neighbouring  streets  of 
Piccadilly,  Pall  Mall,  Regent  Street, 
St.  James's  Street,  Shaftesbury 
Avenue,  &c.,  the  lighting  has  hitherto 
been  carried  out  by  electric  arc-lamps. 
By  the  decision  just  arrived  at  they  will 
now  be  lighted  by  high-pressure 
incandescent  inverted  gas -lamps. 

The  chief  points  in  the  recent  history 
of  this  locality,  as  summarised  in  a 
recent  number  of  the  Journal  of  Gas- 
lighting,  appear  to  be  as  follows. 

In  1896  a  contract  Avas  entered  into 
according  to  which  a  series  of  66 
10-ampere  arc-lamps,  stated  to  give 
about  700  candles  each,  were  employed, 
the  cost  being  30?.  per,  annum  per 
lamp.  More  recently  this  cost  was 
reduced  very  considerably  to  17/. 
per  annum. 

On  the  expiry  of  the  contract  the 
authorities  determined  to  attempt  to 
raise  the  standard  of  illumination,  and 
therefore  invited  tenders  for  lamps  of 
higher  candle  -  power.  The  electric 
Supply  Co.  in  that  area  quoted  28/. 
for  3,000  candle-power  flame  arc-lamps, 
and  21/.  for  1,800  candle-power  lamps 
of  the  same  type.  The  Gas,  Light  & 
Coke  Co.,  offered  to  instal  gaslamps  of 
the  same  nominal  candle-power  for 
22/.  and  15/.  lOs.  respectively  ;  exactly 
the  same  existing  columns  being  used 
for  the  lamps  in  both  cases. 

Meantime  a  petition  was  received 
from  the  shopkeepers  in  the  neighbour- 
hood protesting  aginst  the  contem- 
plated substitution  of  gas  for  electric 
light.  They  argued  that  they  paid 
some  of  the  heaviest  rates  in  the  locality, 
and  were,  therefore,  mainly  interested 


in  the  system  of  lighting  adopted. 
The  streetlighting  Committee  were 
in  favour  of  accepting  the  offer  of  the 
Gas  Company,  but  some  members 
suggested  that  the  decision  ought  to 
be  postponed  until  the  shopkeepers 
referred  to  had  had  a  fuller 
opportunity  of  putting  their  case. 
Eventually,  however,  the  Council  de- 
cided to  take  an  immediate  decision 
in  the  matter,  which  was  as  stated. 
It  was  also  suggested  that  the  shop- 
keepers would  not  lose  in  any  way  by 
the  scheme  of  lighting  adopted,  and 
that  they  would  be  quite  satisfied  when 
they  had  an  opportunity  of  seeing  what 
was  actually  proposed.  It  was  also 
contended  that  the  object  the  Council 
should  bear  in  mind  was  mainly  the 
provision  of  good  illumination  from 
the  standpoint  of  the  general  public  and 
not  that  of  the  shopkeepers  in  the 
localities  concerned.  In  passing  it  may 
be  pointed  out  that,  whether  their 
views  be  correct  or  not,  the  action  of 
the  shopkeepers  is  an  interesting  in- 
stance of  the  growing  importance  now 
attached  by  ratepaj^ers  to  good  illu- 
mination. 

There  is  one  important  feature  in  the 
agreement  entered  into,  namely,  that 
a  penalty  is  prescribed  in  the  event  of 
the  lamps  failing  to  yield  the  candle- 
power  promised.  Should  any  lamp 
be  proved  to  be  defective  in  this 
respect  the  Company  will  be  liable  to  a 
penalty  of  5<s.  per  day  for  large  lamps 
and  M.  a  day  for  small  ones.  It  is  also 
interesting  to  note  that  the  authorities 
on  this  occasion,  by  inviting  tenders  for 
lamps  of  a  certain  candle-power,  recog- 
nise the  principle  that  the  first  item 
to  be  considered  is  the  attainment  of  a 
certain  standard  illumination.  It  is 
stated  that  the  classification  of  streets 
for  lighting,  with  a  view  to  their 
nature  and  uses,  has  yet  to  be  con- 
sidered. 
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New  Members  of  the  Society. 

At  the  meeting  of  the  Illuminating  Engineering  Society  held  at  the  house  of  the 
Royal  Society  of  Arts  on  April  14th,  1910,  the  names  of  the  applicants  for  member- 
ship read  out  at  the  previous  meeting  on  March  15th  were  formally  approved 
and  these  gentlemen  were  declared  Members  of  the  Illuminating  Engineering 
Society.* 

In  addition  the  names  of  the  following  gentlemen  have  been  duly  submitted 
and  approved  by  the  Council,  and  were  read  out  by  the  Hon.  Secretary  at  the 
meeting  of  the  Society  on  April  14th  : — 

Inspector's  Department,  South  Metropolitan  Gas  Co., 
31,  Chevening  Road,  Westcombe  Park,  London,  S.E. 
Inspector's  Department,  South  Metropolitan  Gas  Co.,  86, 

St.  Mary's  Road,  Peckham,  London,  S.E. 
A-sst.  in  the  Gilbert  Arc  Lamps  Co.,  Chingford,  5,  Westbury 

Road,  Walthamstow. 
Inspector's  Department  of  the  South  Met.  Gas  Co.,  76, 

Manor  Road,  Brockley,  London,  S.E. 
Managing  Director  of  the  Wellington  Gas.  Co.,  131,  Coro- 

mandel  Street,  Wellington,  New  Zealand. 
Electrical  Engineer,  President  of  the  London  Association 
of  Foremen  Engineers  and  Draughtsmen,  41,  Berners 
Street,  Oxford  Street,  London,  W. 
Director  of  the  Plaissetty  Mantle  Syndicate,  &c.,  Dermody 

Road,  Lewisham,  London,  S.E. 
Manager  of  Elec.  Engineering  Dept.  of  F.  Sage  &  Co.,  Ltd., 

68,  Gladstone  Avenue,  Manor  Park,  London,  E. 
Arc  Lamp  Manufacturer,  Leipzig,  Germany. 


Anderson,  A.  A. 

Bond,  C.  F. 

Briggs,  A.  S. 

Fabling,  H. 

Ferguson,  W., 

M.LC.E.,  M.LM.E. 

Harrington,  James 


Harrop,  G. 

Jenner,  H. 

Korting,  Max 
Mathiesen,  W. 
NichoUs,  M.  E. 

Reiner,  J.  B. 
Ritchie,  T.  E., 

A.M.I.E.E.,  A.M.I 
Schiller,  F. 
Stokes,  A. 

Sumpner,  Dr.  W.  E., 

D.Sc. 
Thomas,  H.  B. 


Chief  Indoor  Inspector  of  the  South  Met.  Gas  Co.,  709,  Old 

Kent  Road,  London,  S.E. 
Optician,  1a,  Old  Bond  Street,  London,  W. 
Chief  Departmental  Engineer,  Lamp  Dept.,  Union  Electric 
M.E.      Co.,  20,  Kingston  Lane,  Teddington. 
Ill  Hintere  Zellamtstr,  Vienna,  Austria. 
Chief  Outdoor  Inspector  of  the  South  Met.  Gas  Co.,  709, 
Old  Kent  Road,  London,  S.E, 
Principal  of  the  Municipal  Technical  School,  Suffolk  Street, 

BlBMINGHAM.  . 

Inspectors'  Dept.  South  Met.  Gas  Co.,  16,  Brambledown 
Road,  Wallington,  Surrey. 


OFFICIAL  NOTICE. 

DATE   OF   ANNUAL   GENERAL  MEETINQ. 

As  announced  in  our  last  number  the  Annual  General  Meeting  of  the 
Society  will  take  place  on  Monday,  May  23rd,  at  8  p.m.,  at  the  House  of  the 
Royal  Society  of  Arts  (John  Street,  Adelphi,  London,  W.),  when  it  is  hoped  that 
all  members  will  make  a  special  effort  to  be  present. 


*  A  list  of  these  names  will  be  found  in  The  Illuminating  Engineer,  April,  1010,  page  219. 
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The  Measurement  of  Light  and  Illumination.* 

(Discussion  at  a  Meeting  of  the  Society  held  at  the  House  of  the  Royal  Society  of  Arts  (London)  on  Thursday, 
April  14th,  1910,  and  adjourned  from  the  previous  meeting  on  March  15th.) 


The  discussion  on  the  above  subject, 
which  was  opened  at  the  last  Meeting 
of  the  Illuminating  Engineering  Society 
on  Tuesday,  March  15th,  was  resumed 
on  Thursday,  April  14th,  the  President, 
Professor  S.  P.  Thompson,  D.Sc, 
F.R.S.,  being  in  the  chair.  A  list  of 
queries  bearing  on  a  few  points  of 
special  interest  which  had  been  pre- 
pared and  circularised  previous  to 
these  meetings  will  be  found  on  the 
opposite  page. 

The  discussion  was  again  a  most 
interesting  and  successful  one.  On 
this  occasion  the  Measurement  of 
Illumination  and  the  practical  applica- 
tions of  photometry  received  most 
attention.  A  feature  of  the  meeting 
was  again  the  exhibition  of  photo- 
metrical  apparatus.  By  the  kindess 
of  Mr.  C.  R.  Williams,  of  the  Engineer's 
Office  of  the  Great  Western  Railway, 
a  portable  street  photometer  of  the 
Simmance-Abady  type  was  exhibited, 
and  its  action  was  explained  in 
some  detail  by  Mr.  J.  G.  Clark  of  the 
Gas  Light  &  Coke  Co.  Mr.  Haydn  T. 
Harrison  also  showed  the  most  recent 
development  of  his  illumination  photo- 
meter. During  the  course  of  the 
evening  Mr.  Harrison  demonstrated 
the  uses  of  the  instrument  by  measuring 
the  available  illumination  on  the  plat- 
form due  to  the  existing  system  of 
illumination  ;  subsequently  the  old 
central  gas  chandelier  which  was  at  one 
time  the  chief  source  of  illumination, 
but  is  now  intended  only  for  ventilation- 
purposes,  was  turned  on  and  the 
measurement  of  the  illumination  again 
taken.  This  served  to  illustrate  the 
higher  standard  of  lighting  prevailing 
at  the  present  day. 

Mr.  A.  P.  Trotter  and  Mr.  K.  Edg- 
cumbe  also  demonstrated  the  use  of  the 


Universal  Illumination  Photometer,  Mr. 
P.  J.  Waldram  explained  the  use 
of  the  daylight  attachment  apparatus 
utilised  with  this  instrument.  Messrs. 
Everett  Edgcumbe  &  Co.  had  fitted  up 
a  model  photometrical  bench  equipped 
with  their  latest  type  of  Flicker  photo- 
meter. The  Martens  illumination 
photometer  was  also  shown  in  action, 
and  measurements  were  taken  on  the 
table  on  the  platform  ;  the  illumination 
proved  to  be  about  1*5  foot  candles. 

In  opening  the  proceedings  the 
President  called  upon  the  Hon.  Secre- 
tary to  read  the  minutes  of  the  last 
meeting,  and  subsequently  to  read 
again  the  list  of  names  of  gentlemen 
submitted  for  election  at  the  last 
meeting  of  the  Society,  who  would  now 
formally  become  members  .t 

The  Hon.  Secretary  next  proceeded 
to  read  out  the  names  of  the  following 
gentlemen  which  had  bene  submitted 
to,  and  approved  by  the  Council 
since  the  last  meeting  of  the  Society 
on  March  15th  : — Dr.  W.  E.  Sumpner, 
Messrs.  G.  Harrop,  M.  Korting,  W. 
Mathiesen,  W.  Ferguson,  C.  F.  Bond, 
A.  A.  Anderson,  A.  Stokes,  H.  Fabling, 
H.  B.  Thomas,  M.  E.  Nicholls,  H. 
Jenner,  A.  S.  Briggs,  J.  Harrington, 
J.  B.  Reiner,  F.  Schiller,  T.  E.  Ritchie. 

The  President  then  proceeded  to 
open  the  discussion.  He  mentioned 
that  on  this  occasion  the  Measurement 
of  Illumination  and  the  more  practical 
applications  of  the  subject  would  be 
considered.  They  had  hoped  that  Sir 
William  Preece,  whose  work  in  this 
field  was  so  well  known,  would  have  been 
able  to  be  present  to  open  the  dis- 
cussion, but  unfortunately,  by  reason  of 
his  not  very  strong  health,  he  had  found 

t  A  list  of  these  names  will  be  found  in  The 
Illuminating  Engineer  for  April,  1910,  p.  249. 


*  Continued  from  The  Illuminating  Engineer,  April,  1910,  p.  227.  A  list  of  the  queries  relating 
to  this  discussion  will  also  be  fpund  on  p..  226  in  the  same  number. 
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himself  unable  to  do  so.  Mr.  A.  P. 
Trotter,  however,  who  had  been  closely 
associated  with  Sir  William  in  the  active 
interest  which  he  had  taken  for  many 
years  in  the  illumination  of  streets  and 
spaces  was  present,  and  he  would  call 
upon  him  to  continue  the  debate. 

Mr.  A.  P.  Trotter,  before  entering 
upon  the  discussion  of  the  Measurement 
of  Illumination  formally  presented  a 
paper  by  Dr.W.  E.  Sumpner  dealing  with 
'  The  Direct  Measurement  of  the  Total 
Light  emitted  from  a  Lamp."  (This 
paper  is  reproduced  in  full  on  page  323). 

Mr.  Trotter  next  referred  to  the 
remarks  at  the  previous  meeting 
of  Mr.  Liberty,  who  suggested  that 
there  were  too  many  photometers,  and 
who  seemed  inclined  to  wait  until 
the  best  one  had  been  decided  upon. 
There  were  many  kinds  of  pens,  and 
many  French  dictionaries,  but  nobody 
put  off  learning  to  write  or  to  study 
French  for  such  reasons.  The  fact  was 
that  photometry,  both  for  illumination 
and  for  candle-power,  depended  very 
much  upon  the  instrument  one  was 
accustomed  to.  There  was  no  "  best  " 
photometer.  Any  one  having  practical 
experience  with  any  fairly  good  photo- 
meter could  do  almost  as  good  work 
as  any  body  else,  and  the  more  one 
knew  about  a  particular  instrument  the 
better  work  one  could  do  with  it. 

The  speaker  then  discussed  No.  6  of 
the  queries  put  forward  as  the  basis  of 
discussion,  viz.  :  "  What  are  the  main 
qualifications  of  an  illumination  photo- 
meter for  practical  work  ?  With  what 
degree  of  accuracy  can  the  illumination 
in  streets  and  buildings  be  measured, 
and  what  limits  of  accuracy  should  at 
present  be  permissible."  He  con- 
sidered that  the  first  qualification  of 
an  illumination  photometer,  which  in 
fact  distinguished  it  from  a  portable 
candle-power  photometer,  was  the  use 
of  a  horizontal  surface  for  receiving  the 
illumination  to  be  measured.  There 
had  been  much  controversy  on  this 
point.  Illumination  must  be  measured 
upon  something  which  received  light 
from  all  sources  and  gave  all  an  equal 
chance.  One  of  the  first  essentials 
therefore  of  an  illumination  photo- 
meter was  a  horizontal  screen,  and  one 
which  had  no  obstructions.  There 


were  two  or  three  German  instruments 
— the  Martens  and  the  Kriiss,  and 
others  —  which  were  excellent  for 
measuring  light  upon  a  school  desk  or 
upon  some  special  place,  but  these 
photometers  were  not  adapted  for  work 
in  streets  or  railway  stations  or  such 
places.  The  second  qualification  of  an 
illumination  photometer  was  that  the 
receiving  surface  or  test  plate  should  be 
as  matt  as  possible,  that  is,  should  have 
no  appreciable  glaze,  and  should  obey 
the  law  of  cosines  as  closely  as  possible, 
that  is,  should  have  no  appreciable  angle 
errors.  It  must  be  prepared  to  receive 
light  vertically  or  at  a  very  large  angle 
of  incidence.  The  third  qualification 
of  an  illumination  photometer  was  that 
the  portable  standard  of  light  should 
be  a  good  one.  The  Germans  fre- 
quently used  a  benzine  flame,  which 
was  screwed  up  until  a  certain  height 
flame  was  obtained,  but  he  thought 
nowadays  most  people  would  prefer 
a  little  electric  lamp  and  a  battery. 
But  these  lamps  should  be  checked 
before  and  after  use.  He  had  had 
whole  evenings'  work  thrown  away  by 
finding  a  difference  of  15  per  cent 
between  the  test  at  the  beginning  and 
at  the  end  of  the  work,  due  probably 
to  loose  contacts. 

The  fourth  qualification  was  a  prac- 
tical range.  Many  excellent  photometers 
could  work  with  a  range  of  only  about 
1  to  10,  but  this  was  not  enough  for 
most  purposes.  The  maximum  should 
be  about  4  foot-candles  (11*9  to  47'8 
Lux  (Hefner)  ;  lO'S  to  43-0  bougie- 
metres  or  "  international  lux ")  for 
ordinary  purposes,  but  there  should 
be  some  arrangement  for  increasing 
the  range.  The  minimum  for  first- 
rate  street-lighting  he  should  say 
should  certainly  reach  about  '02  foot- 
candles  (0-24  Lux  (Hefner)  ;  0-22 
bougie-metres  or  "international  lux"). 
One  of  the  most  important  things  about 
street-lighting  was  the  minimum.  In 
the  City  of  London  this  was  one-tenth 
foot-candle,  and  they  should  be  able  to 
measure  well  below  the  minimum  so  as 
to  obtain  a  good  accurate  reading  on 
the  minimum,  because  this  was  where 
any  dispute  would  arise.  If  they 
could  get  down  to  '01,  so  much  the 
better.    For  side  streets,  small  towns, 
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and  places  where  lamps  of  50  or  60 
candle-power  were  used,  much  of  the 
work  would  be  below  '01  foot-candle. 
Mr.  Voysey,  in  the  City,  had  measured 
right  down  to  5/lOOOths. 

The  fifth  qualification  was  capability 
for  dealing  with  coloured  light.  In 
illumination  photometry  it  was  not 
necessary  to  attempt  extreme  accuracy 
as  in  the  case  of  standards.  Mr. 
Paterson's  work  at  the  National  Physi- 
cal Laboratory  dealing  with  slightly 
different  coloured  lights  went  into 
fractions  of  1  per  cent,  but  for  practical 
work  this  would  be  waste  of  time. 
They  must,  however,  have  some  means 
of  dealing  with  coloured  light,  and  he 
thought  the  Abney  principle  of  a  freely 
moving  adjustment  was  the  best.  The 
flicker  principle  was  well  known,  but  he 
had  not  appreciated  it  himself.  It 
was  his  humble  opinion  that  the  flicker 
was  very  much  over-rated  :  for  all 
ordinary  purposes  very  fair  measure- 
ment could  be  obtained  without  using 
the  flicker.  The  sixth  qualification  was 
a  convenient  arrangement  for  measur- 
ing the  angle  of  incidence,  and  the  last 
qualification  was  portability.  Some 
illumination  photometers  were  wheeled 
about  on  carriages.  Most  were  mounted 
on  tripods,  all  his  early  work  was  done 
with  photometers  on  the  ground,  but 
now  he  preferred  holding  the  instru- 
ment in  his  hands. 

Coming  to  the  second  half  of  the 
question,  viz.,  accuracy,  Mr.  Trotter 
said  he  was  sorry  that  a  great  many 
people  who  had  published  results  of 
street  measurements  of  illumination 
had  not  given  their  actual  readings. 
They  generally  gave  curves  without 
any  readings  on  them  at  all,  and  one  had 
to  assume  that  the  readings  would  have 
fallen  nicely  upon  the  curves  if  they 
had  been  there.  In  all  physical 
measurements,  in  which  a  curve  was 
produced,  there  should  also  be  the 
readings.  Or  at  least,  a  specimen  set 
of  readings  from  which  a  mean  had 
been  calculated  should  be  given,  because 
the  differences  from  the  mean  were  the 
true  test  of  accuracy.  With  a  good 
photometer  carefully  set  up  in  a  street 
with  fair  conditions,  it  was  possible 
to  get  repeat  readings  within  a  range  of 
2  per  cent,  but  was  this  degree  of 


accuracy  worth  while  for  street  pur- 
poses ?  Irregularities  in  globes,  or 
slight  dirt  on  them  would  make  a 
difference  of  four  or  five  per  cent.  Then 
there  was  reflected  light  from  buildings 
and  so  on.  Taking  all  things  into 
consideration,  he  thought  that  a  range 
of  between  5  or  6  per  cent,  was  nearer 
the  mark.  A  variation  of  2|  per  cent 
or  3  per  cent  from  the  mean  should  be 
considered  pretty  good  work.  High 
accuracy  was  only  needed  if  one  had  to 
decide  whether  the  lighting  of  a  street 
was  up  to  specification. 

Mr.  Trotter  then  described  his  port- 
able illumination  photometer,  which 
is  made  by  Messrs.  Everett,  Edgcumbe 
&  Co. 

Mr.  L.  Wild  spoke  on  the  subject  of 
'  The  Insensitiveness  of  Photometers,' 
and  produced  the  following  table  which 
he  proceeded  to  explain  as  follows  : — - 

INSBNSITIVBNBSB  OF  PHOTOMETERS. 

(Lights  of  similar  colour.) 


Type  of  Photometer. 

1 

Equality  of 
Brightness. 

Flicker. 

Joly  Prism,  Paraffin  

Per  cent. 
2-5 

Per  cent. 

Simmance  Wheel   

2-4 

1-6 

Whitman  Sector   

2-0 

1-0 

Inclined  Cards   

1-2 

Common  Bunsen,  viewed  one  side 

1-2 

Do.           viewed  both  sides 

1-0 

Special  Bunsen.  viewed  one  side... 
(38  lb.  Ford) 

•4 

•8 

Do.           viewed  both  sides 

•8 

•2 

Special  Bunsen,  viewed  one  side... 
(oO  lb.  Ford) 

•8 

Do.          viewed  both  sides 

1-2 

•4 

Lummer 

•7 

The  method  of  test  is  to  take  readings 
in  pairs,  first  moving  the  carriage 
from  left  to  right  and  then  from  right 
to  left,  stopping  in  each  case  as  soon 
as  balance  appears  to  be  obtained. 
These  pairs  of  settings  are  repeated  at 
least  six  times  at  one  sitting,  and  again 
on  several  days,  the  average  difference 
between  settings  being  taken  as  the 
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measure  of  the  insensitiveness  of  the 
photometer  under  test. 

The  Joly  prism  comes  out  worst  on 
the  Hst.  This  consisted  of  two  paraffin 
blocks  separated  by  tinfoil.  The  sur- 
faces viewed  were  thus  not  in  contact ; 
hence  the  insensitiveness. 

The  Simmance  wheel  when  used 
stationary  is  practically  a  Ritchie 
wedge.  Again  the  surfaces  are  separated 
by  a  thin  dark  line  which  is  highly 
detrimental  to  sensitiveness.  When 
used  revolving  and  as  a  flicker  photo- 
meter there  is  a  marked  improvement. 
The  non-illuminated  edge  produces 
a  certain  amount  of  residual  flicker 
which  cannot  be  eliminated  and  doubt- 
less is  detrimental  to  a  certain  degree, 
but  not  to  anything  like  the  same  extent 
as  the  same  photometer  used  stationary. 

The  Whitman  sector,  when  used  as 
an  equality  of  brightness  photometer, 
shows  no  unilluminated  edge.  The 
surface  of  the  card  in  the  neighbour- 
hood of  the  edge  suffers  a  certain  amount 
of  damage  in  the  cutting,  and  this 
results  in  the  surface  becoming  patchily 
illuminated  in  the  immediate  neigh- 
bourhood of  the  edge.  Everything 
therefore  depends  upon  the  skill  with 
which  the  sector  is  cut.  This  form  of 
photometer  again  shows  up  better  as  a 
flicker  than  as  an  equality  of  brightness 
type. 

The  inclined  cards  are  simply  two 
cards  arranged  so  that  the  eye  looks 
past  the  edge  of  one  on  to  the  other. 
As  it  is  easier  to  cut  a  rectangular 
card  than  a  sector  a  better  result 
was  obtained  than  with  the  Whitman. 
These  cards  were  viewed  with  one  eye 
only.  If  viewed  with  both  eyes  the 
balance  appeared  to  change  continually, 
first  the  back  and  then  the  front  card 
appearing  the  brighter.  This  is  ap- 
parently due  to  the  fact  that  the  two 
eyes  see  a  different  portion  of  the  back 
card,  and  as  the  illumination  of  the 
cards  varies  over  their  surfaces,  due 
to  their  inclination,  there  is  a  con- 
tinual struggle  for  mastery  between  the 
two  eyes. 

Another  card  photometer  viewed 
in  the  same  way,  but  with  both  eyes, 
the  surfaces  being  illuminated  by  rays 
striking  the  surfaces  perpendicularly, 
sliowed  an  insensitiveness  of  '8  per  cent 


only.  This  result  is  not,  however, 
quite  comparable,  as  the  same  cards 
were  not  used,  and  the  cutting  may 
have  been  performed  either  better  or 
worse.  Probably  if  the  cards  could  be 
perfectly  cut,  this  type  of  photometer, 
if  made  of  adequate  size  and  viewed 
with  both  eyes,  would  be  as  sensitive 
as  any. 

The  common  Bunsen  disc  suffers 
under  several  disadvantages.  The  light 
from  the  grease  ring  is  diluted  by 
reflected  light.  The  grease  differs  in 
texture  and  colour  to  the  reflecting 
portion.  The  grease  either  runs  into 
the  reflecting  portion  causing  the  line  of 
demarkation  to  become  gradual  and 
obscure,  or  else  there  is  a  little  hillock 
of  grease  at  the  boundary.  The  result 
of  all  this  is  that  the  two  portions 
never  melt  together  into  one  at  the 
point  of  balance.  The  Bunsen  is  rather 
less  sensitive  when  viewed  both  sides 
than  when  viewed  on  one  side.  It  is 
easier  to  judge  equality  of  brightness 
than  contrast  of  brightness  when  the 
eye  has  to  travel  a  considerable  dis- 
tance to  make  the  comparison. 

The  Special  Bunsen  (381b.  Ford)  is 
a  great  improvement.  This  is  made 
by  dipping  Ford's  blotting  paper  of 
38  lb.  weight  in  paraffin  wax.  The 
wax  must  be  just  melting,  and  the  paper 
must  be  slowly  lowered  into  the  wax  and 
slowly  withdrawn  again  without  any 
pause.  The  result  is  a  disc  half  re- 
flecting and  half  semitransparent.  If 
the  operation  is  carried  out  with  care, 
the  wax  is  quite  evenly  taken  up, 
and  the  line  of  demarkation  between 
the  surfaces  is  quite  sharp  and  weU 
defined.  The  wax  also  penetrates 
better  than  in  the  ordinary  process. 
When  this  disc  is  used  as  a  flicker  phot  o- 
meter it  is  less  sensitive  than  as  an 
equality  of  brightness  when  viewed 
on  one  side.  Evidently  it  is  easier  to 
judge  equality  of  brightness  when  the 
surfaces  are  really  contiguous  than 
minimum  of  flicker.  When  viewed 
both  sides  the  flicker  type  shows  a 
marked  improvement.  One  then  views 
both  sides,  side  by  side,  in  a  single 
eyepiece,  and  instead  of  balancing  to 
minimum  flicker  one  balances  to 
equality  of  flicker.  Just  as  it  is  easier 
to  balance  to  equality  of  brightness 
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than  minimum  brightness,  so  it  is 
easier  to  balance  to  equaUty  rather  than 
minimum  of  flicker. 

The  Special  Bunsen  (60  lb.  Ford) 
is  more  insensitive,  due  to  the  larger 
dilution  of  the  light  from  the  translucent 
surface.  This  dilution  is  rather  an 
advantage  when  dealing  with  lights  of 
very  different  colour.  It  also  has  the 
merit  or  reducing  angle  error.  Turning 
the  thinner  Bunson  on  its  pillar 
through  an  angle  of  1°  alters  the 
reading  by  '5  per  cent.  Wi  h  the 
thicker  disc  this  is  reduced  to  '1  per  cent. 


made  much  larger  and  viewed  with 
both  eyes.  In  the  illustration  R  R  are 
reflecting  surfaces  of  white  glazed 
paper  held  between  cover  glasses. 
M  M  M  are  mirror  surfaces.  At  G  G  we 
have  clear  glass.  S  S  S  S  are  screens. 
If  the  reflecting  surfaces  and  side 
mirrors  are  made  3  ins.  wide  and  4^  in. 
high,  and  the  silvered  patch  on  the 
front  glass  is  made  J  in.  wide  and  1 J  in. 
high,  and  is  surrounded  by  J  in.  of  clear 
glass  all  round,  the  picture  may  be 
viewed  by  both  eyes  at  arms'  length. 
The  screens  are  absolutely  necessary. 


/ 


/ 
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Fig.  1.— Special  Form  of  Silvered  Mirror 
Photometer  (Wild). 


The  Lummer  is  not  so  good  as  the 
best  Bunsen.  Substituting  for  the 
prisms  a  mirror  silvered  on  the  front 
with  a  clear  glass  pattern  in  the  centre 
made  by  removing  a  portion  of  the 
silver,  resulted  in  a  very  slight  improve- 
ment. Removing  the  telescope  and 
viewing  with  one  eye  resulted  in  a 
further  slight  improvement.  The 
greatest  improvement  was  made, 
however,  when  the  whole  thing  was 


They  prevent  the  eye  being  disturbed 
by  catching  glimpses  of  the  reflecting 
surfaces  direct.  The  silver  patch  can 
be  put  on  with  a  very  sharp  boundary, 
and  when  balance  is  obtained,  if  there 
is  no  difference  of  colour  the  two 
surfaces  melt  together  into  one,  no 
texture  being  apparent  in  either. 

The  insensitiveness  of  this  photo 
meter,  as  tested  by  the  method  men 
tioned,  at  first  comes  out  to  zero. 
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That  is  to  say,  there  may  be  as  much 
as  -2  per  cent,  between  any  two  settings, 
but  this  is  as  often  negative  as  positive, 
and  is  due  to  one's  inabiHty  to  move  the 
photometer  carriage  with  sufficient 
nicety  without  a  micrometer  screw. 
Reducing  the  size  of  the  picture 
appears  to  spoil  the  sensitiveness. 

This  photometer  has  two  additional 
advantages.  Freedom  from  angle  error 
and  comfort  for  the  operator.  Only  if 
the  operator  is  thoroughly  comfortable 
in  every  way  can  he  produce  the 
necessary  concentration  of  mind  to 
maintain  his  accuracy  of  settings 
through  2  or  3  hours'  work. 

The  objection  to  silver  on  the  front 
of  glass  is  that  it  requires  polishing 
every  day  to  remove  the  slight  brown 
tinge  due  to  tarnish.  For  this  reason 
it  is  perhaps  preferable  to  view  through 
the  glass.  This  appears  to  increase  the 
insensitiveness  to   2  per  cent. 

Mr.  J.G.  Clark  (Gas  Light  and  (Joke 
Co.)  said  he  could  not  share  the  bad 
opinion  which  some  people  had  of  the 
Bunsen  disc.  It  was  part  of  his  duty 
to  keep  an  eye  upon  the  quality  of  the 
mantles  which  his  company  used, 
and  for  that  purpose  he  found  the 
Bunsen  disc  a  very  useful  piece  of 
apparatus  indeed.  He  said  that 
horizontal  candle-power  only  is  neces- 
sary for  this  purpose.  In  the  first 
place,  one  could  work  for  very  long 
periods  without  fatigue,  which  was  not 
the  case  with  appliances  having  optical 
fittings,  such  as  small  telescopes. 
Further,  it  permitted  adjustments  being 
made  whilst  one  was  looking  at  the 
screen,  which  was  rather  an  important 
matter.  Its  use,  however,  is  in  his 
experience  limited  to  horizontal 
measurements. 

He  very  much  preferred,  in  testing 
lamps,  to  ascertain  the  lower  hemi- 
spherical value,  and  he  mentioned  this 
because  a  good  deal  of  interest  had  been 
displayed  recently  in  connexion  with 
integrating  photometers,  which  permit 
of  the  measurements  of  spherical  values 
by  one  observation.  Whilst  it  was  very 
nice  to  be  able  to  take  such  an  important 
val'ic  by  one  observation,  he  had  come 
to  the  conclusion  that  a  complete  dis- 
tribution curve  for  the  lamp  was 
necessary  in  order  to  know  not  only 


how  much  light  was  radiated  from  it, 
but  also  its  direction.    It  was  now 
becoming  fairly  well  recognized  that 
a  source  of  light  was  a  sort  of  raw 
material  for  the  lighting  business,  and 
having  obtained  an  efficient  source  of 
light,  it  was  necessary  to  consider  the 
best  method  of  distributing  it  by  re- 
flection and  other  methods.    If,  there- 
fore, they  only  knew  the  spherical  value , 
they  were  not  very  much  better  off 
than  if  they  had  only  the  horizontal 
candle-power.    They  had  no  data  upon 
which  to  base  calculations  or  drawings 
for  the  design  of  reflectors  and  refracting 
apparatus,  so  that  it  was  impossible 
to  do  anything  until  they  not  only 
knew  the  total  hemispherical  value,  but 
also  had  a  complete  distribution  curve, 
the  latter  being  by  far  the  most  im- 
portant.   It  was  part  of  his  business 
to  examine  a  large  number  of  lighting 
units  of  different  kinds,  and  he  had  been 
considering  whether  he  could  adapt  the 
integrating    methods,    such     as  the 
Ulbricht  sphere,  but  he  thought  the 
extra  time  occupied  in  obtaining  a 
complete  distribution  curve  was  well 
spent.    In  obtaining  these  curves  he 
had  always  used  a  Simmance-Abady 
flicker  photometer,  and  he  was  able  to 
obtain  a  distribution  curve  in  about 
an  hour,  which  he  did  not  think  was 
a    very    long    time.    In    using  this 
apparatus  he  had  come  to  the  con- 
clusion  that   in   practical   work  the 
flicker  should  have  a  slower  speed  for 
a  lower  illumination.    In  all  photo- 
metric measurements  it  is  necessary  to 
approach  the  point  of  balance  from 
both  sides,  and  it  was  very  important 
to  have  a  speed  which  would  bring  the 
two  points  near  together.    The  Sim- 
mance-Abady apparatus  is  fitted  with 
an  adjustable  governor,  which  permits 
of  the  necessary  regulation  being  easily 
made. 

With  regard  to  public  lighting,  his 
Company  had  in  London  several  impor- 
tant installations  of  various  kinds,  and 
it  was  important  that  they  should  be 
maintained  at  their  proper  value. 
He  found  it  convenient  to  tackle  this 
work  on  the  basis  of  candle-power.  Of 
course,  illumination  was  highly  im- 
portant and  was  the  thing  desired,  but 
when  an  installation  was  once  fitted  up, 
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and  the  candle-power  of  the  lamps,  the 
height,  and  everything  adjusted  to  give 
a  desirable  illumination,  the  candle- 
power  which  produced  that  illumination 
could  be  taken  as  an  index  of  the  value 
from  time  to  time,  i.e.,  if  a  particular 
set  of  lamps  giving  from  900  to  1,000 
candles  each  was  found  to  produce  the 
desired  illumination,  then  the  measure- 
ment of  that  candle-power  at  periodical 
intervals  would  ensure  that  the  illumina- 
tion was  always  up  to  the  mark.  He 
found  it  more   convenient    to  take 
candle-power  measurements  in  lighting 
systems  of  which  he  knew  the  relation 
between  the  candle-power  and  illumina- 
tion.   For  this  purpose  he  preferred 
to  make  the  observation  at  an  angle  of 
30°  below  the  horizon.    He  used  the 
Simmance-Abady    flicker  photometer 
for  this  purpose  and  found  it  a  very 
handy  piece  of  apparatus  for  outdoor 
work.    Having  explained  the  manner 
in  which  he  used  the  apparatus,  Mr. 
Clark  said  there  was  one  limitation 
to   the   instrument    for  illumination 
measurements,  viz.,  that  it  could  only 
take  three  sides  of  the  lighting,  and 
therefore  the  best  thing  to  do  was  to 
adjust   it   so   that,   for  illumination 
measurement,  there  was  the  smallest 
possible  light  coming  in  the  obscured 
direction.    This  applies  to  all  illumina- 
tion  photometers.    With   an  instru- 
ment of  the  Trotter  type,  one's  shadow 
was  always  more  or  less  in  the  way. 

As  a  rule  the  photometer  can  be  so 
arranged  that  the  illumination  ob- 
structed is  a  negligible  quantity,  but 
special  cases  may  arise  where  such 
neglect  is  not  permissible,  in  which 
case  the  difficulty  may  be  overcome  by 
making  two  independent  observations 
and  adding  them  together. 

In  measuring  illumination  it  appears 
on  the  whole  preferable  to  refer  to  the 
horizontal  plane.  Special  cases  may 
arise,  as,  for  instance,  shop  front 
lighting,  where  in  general  the  vertical 
and  normal  illumination  is  of  more 
importance.  Another  special  instance 
is  the  lighting  of  railway  carriages, 
where  the  objective  should  be  the 
illumination  of  a  passenger's  newspaper 
or  book.  The  test  plane  in  such  a  case 
would  be  one  set  at  a  height  and  inclina- 


tion to  coincide  as  nearly  as  possible 
with  the  newspaper. 

It  had  been  noted  on  several  occasions 
that  the  unsteadiness  of  the  modem 
arc  lamp  made  precise  photometric 
measurements  very  difficult.  The  illu- 
mination at  a  particular  place  due  to  an 
arc  lamp  might  possibly  vary  between 
J  ft.  and  1  ft.  candle  several  times 
per  minute,  and  he  did  not  know  of  any 
photometer  which  would  permit  of 
measurements  being  made  under  such 
conditions  with  sufficient  precision  to  be 
made  the  basis  of  a  lighting  specifica- 
tion. What  appears  to  be  desirable 
is  a  form  of  integrating  photometer — 
not,  however,  of  the  Ulbricht  type, 
which  integrates  in  regard  to  6,  but  one 
which  would  integrate  in  regard  to  time, 
i.e.,  a  "  Ballistic  "  photometer. 

Mr.  Haydn  T.  Harrison,  referring  to 
the  question  of  spherical  candle-power, 
said  this  was  of  no  use  unless  they 
knew  how  the  light  was  directed. 
Dealing  with  the  first  part  of  question 
No.  6,  he  said  the  qualifications  of  a 
photometer  for  practical  work  depended 
upon  what  was  meant  by  "  practical 
purposes."  He  had  had  to  test  150 
gas  lamps  in  one  evening  at  an  average 
distance  of  about  80  yards  apart,  and 
therefore  a  photometer  that  required 
five  operations  to  make  one  measure- 
ment would  not  have  been  the  least 
use  to  him.  Mr.  Trotter  had  got  the 
acme  of  simplicity  in  his  photometer, 
especially  as  he  left  the  stand  behind 
him,  but  he  was  afraid  he  could  not 
agree  with  Mr.  Trotter  on  the  question 
of  the  horizontal  screen,  and  he  had 
abandoned  it  for  general  work.  If  he 
had  to  level  his  photometer  for  every 
reading  he  would  never  get  through 
100  gas  lamps  in  an  evening,  whereas, 
if  he  only  had  to  look  at  a  spot  on  the 
scale  and  make  a  note  of  the  reading, 
he  could. 

Mr.  Harrison  then  referred  to  his 
own  new  photometer  which  is  a  de- 
velopment of  the  principle  which  he 
used  in  all  his  street  instruments. 
When  making  measurements  of  street 
illumination  the  angle  of  incidence 
varied  so  little  from  45°  that  the  cosine 
did  not  come  into  consideration,  but 
with  low  power  lamps,  erected  12  ft. 
high,  the  illumination  half  way  between 
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two  lanterns  was  so  low  that  it  could 
not  be  measured  on  the  horizontal 
screen.  Take,  for  instance,  the  usual 
distance  of  60  or  70  yards  between  gas 
lamps  in  side  streets,  giving  about 
4  candle-feet  direct  illumination.  But 
if  a  horizontal  screen  were  used  the 
angle  of  incidence  was  10  degrees,  the 
cosine  of  which  is  '177.  This  brought 
the  '4  candle-feet  down  to  '08.  There 
were  very  few  photometers  that  could 
be  worked  at  such  low  readings  as  this. 
(Mr.  Harrison  then  explained  by  means 
of  a  diagram  the  method  which  he 
employs).  In  order  to  get  the  illumin- 
ation between  two  lamps,  knowing  the 
angle  of  one,  the  minimum  ray,  he 
preferred  to  measure  it  at  a  distance 
where  he  could  measure  it  accurately. 
In  order  to  do  this,  if  necessary,  he 
would  raise  the  height  of  the  photo- 
meter. This  was  one  reason  why  he 
objected  to  the  horizontal  screen. 

Dealing  with  the  permanency  of  the 
standard,  Mr.  Harrison  said  he  had  been 
carrying  out  some  interesting  tests  with 
a  small  tungsten  lamp  :  he  preferred 
this  type  of  lamp  because  the  variation 
in  candle-power  was  less  than  with  any 
other.  In  his  case  it  had  remained 
constant  for  over  a  year  within  one 
per  cent.  Another  point  was  of  great 
advantage,  viz.,  by  including  a  resis- 
tance in  a  tungsten  lamp  he  could 
reduce  the  standard  down  to  one- 
tenth  and  still  remain  equally  constant, 
and  a  fairly  good  colour.  Therefore 
instead  of  putting  in  two  lamps  into 
his  photometer  in  order  to  get  a  double 
scale,  he  only  put  in  one  lamp  and  the 
plug  introduced  the  necessary  resistance 
to  bring  the  standard  down. 

He  thoroughly  agreed  with  Mr. 
Trotter's  remarks  upon  the  accuracy 
for  street  work.  He  never  guaranteed 
any  greater  accuracy  than  5  per  cent. 
For  indoor  work,  of  course,  it  all 
depended  upon  how  much  time  one 
had  to  spare.  It  was  possible  to  work 
to  one  per  cent.,  but  for  illumination 
work  this  was  an  unnecessary  degree  of 
accuracy. 

An  interesting  question  was  No.  8 
with  reference  to  daylight  photometry. 
As  a  matter  of  fact  he  should  measure 
the  opposite,  viz.,  the  dark  spots.  In 
a    school    room,   for    instance,  they 


chiefly  wanted  to  know  whether 
there  were  any  points  illuminated 
to  such  a  low  intensity  as  to  cause 
injury  to  the  eyesight. 

Mr.  P.  J.  Waldram,  speaking  on 
question  No.  1,  suggested  that  the 
education  of  architects  was  disgrace- 
fully neglected  in  the  matter  of 
illumination ;  in  fact,  facilities  were 
practically  non-existent.  A  phase  of 
the  matter  in  which  he  was  particularly 
interested  was  daylight  illumination. 
This  question  had  not  received  the 
attention  it  deserved  :  yet  it  was  a  most 
interesting  and  instructive  one  if  only 
on  account  of  the  way  in  which  it 
illustrated  the  weakness  of  unaided 
human  judgment  and  personal  impres- 
sion. If  the  man  who  said,  "  Cannot 
I  believe  my  own  eyes  ?  "  only  knew 
the  absurdities  of  which  the  human  eye 
was  capable,  he  would  never  use  the 
expression  again.  In  photometric  work 
an  instrument  which  was  out  to  the 
extent  of  10  per  cent  would  not  be 
looked  upon  as  a  very  reliable  one,  but 
the  human  eye  could  be  at  fault  to  the 
extent  of  thousands  per  cent.  The 
strength  of  light  indoors  and  outdoors 
on  the  same  day  varied  by  an  enormous 
extent— say  2,000  to  1— but  the  human 
eye  was  almost  unconscious  of  the 
difference  ;  certainly  it  could  not  gauge 
it  to  a  degree  which  would  be  of  any- 
practical  value.  As  a  matter  of  fact, 
the  eye  was  not  a  measuring  instrument 
and  the  confident  reliance  which  was 
commonly  placed  upon  it  was  absolutely 
ridiculous.  The  eye  was  also  capable 
of  hundreds  of  other  fallacies  and  astudy 
of  daylight  illumination  was  a  most 
fascinating  subject  if  for  this  reason 
alone. 

But  it  was  a  more  important  one  on 
many  other  grounds.  One  was  the 
necessity  for  establishing  some  standard 
of  daylight  illumination  of  interiors, 
especially  schools.  He  would  like  to 
know  Mr.  Harrison's  standard  for 
estimating  the  illumination  of  the  dark 
places  in  schools  ;  he  had  not  been 
able  to  find  one  yet.  The  important 
point  was  that  daylight  was  constantly 
changing  over  a  large  range  to  which 
the  eye  was  almost  insensible,  which 
made  isolated  observations  unreliable. 
Fortunately,  however,  the  illumination 
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of  a  room  was  always  a  constant  pro- 
portion of  the  outside  illumination  and 
as  such  it  could  be  measured  very 
easily. 

Mr.  Waldram  then  exhibited  an  appara- 
tus made  by  Messrs.  Everett  Edgcumbe 
&  Co.  for  this  purpose,  and  which  he  had 
largely  used.*  An  ordinary  photometer 
was  quite  inadequate  for  measuring  the 
ranges  of  illumination  which  occur  in 
daylight.  It  was  unnecessary  for 
illumination  photometers  for  artificial 
lighting  to  deal  with  any  greater  range 
than  up  to  4  or  5  candle-feet,  because 
anything  above  this  was  not  practical 
artificial  illumination — the  eye  could 
not  stand  it.  But  with  daylight  it 
could  easily  run  up  to  800  or  1,000 
candle -feet  without  glare.  In  the 
instrument  he  described  there  was  a 
tube  10  ins.  long,  the  top  of  which  was 
closed  by  one  of  various  diaphragms, 
placed  over  the  outer  screen  of  a 
Trotter  photometer,  the  latter  being 
viewed  through  a  side  tube.  The 
method  of  taking  the  reading  of  day- 
light outside  was  simply  to  place  this 
tube  over  the  instrument,  which  would 
then  measure  a  certain  proportion 
of  the  light  receivable  from  an  un- 
restricted hemisphere  of  sky  ;  a  pro- 
portion determined  by  the  proportion 
between  the  aperture  used  and  the 
arcs  of  a  10  in.  hemisphere,  and  it  could 
be  directly  read  off  on  the  scale  at 
once.  Inside  the  room  the  illumination 
was  read  off  direct  without  the  tube, 
the  ordinary  scale  reading  up  to 
4  candle-feet,  being  sufficient  for  nearly 
all  daylight  illumination,  at  any  rate  up 
to  June  or  July.  It  was  found  that  a 
yellow  screen  gave  an  absolute  balance. 
The  operation  of  measuring  daylight 
illumination  of  a  room — the  only 
correct  method — ^was  to  measure  the 
proportion  of  the  outside  light  which 
the  room  received.  This  was  always 
constant,  and  could  be  measured  at  any 
time.  The  operation  was  rapid,  easy, 
and  essentially  accurate — all  the  class- 
room in  an  elementary  school  could 
be  measured  in  an  hour.  The  method 
would  not  be  accurate,  however,  if  the 
sun  were  shining  into  the  room  or  were 
directly  reflected  into  it. 

*  For  an  account  of  this  instrument  see  The 
Jlluminating  Engineer,  Lond.  Vol.  I.,  1908,  p.  811. 


A  point  very  often  forgotten  with 
regard  to  daylight  illumination  was 
that  the  critical  times  were,  say,  about 
an  hour  before  and  after  sunrise  and 
sunset.  Between  sunrise  and  sunset 
daylight  illumination  increased  enor- 
mously without  the  eye  being  conscious 
of  it.  It  was  at  these  times  that  the 
trouble  occurred,  and  whatever  standard 
were  used  should  bear  relation  to  the 
time  when  the  measurements  were  taken, 
and  the  state  of  the  sky.  It  was  a 
curious  fact  that  a  blue  sky,  generally 
regarded  as  giving  the  best  illumination, 
gives  nearly  the  worst — the  more 
cloudy  the  sky  up  to  a  certain  point  of 
actual  greyness,  the  better  the  illumina- 
tion. He  would  suggest,  as  a  standard 
of  reasonably  good  interior  daylight 
illumination,  such  windows  as  would 
give  a  proportion  of  1/1, 000th  of  the 
outside  light.  This  would  be  equivalent 
to  an  illumination  of  1  candle -foot  (or 
a  reasonable  reading  light)  at  half-an- 
hour  after  sunrise  and  at  sunset  on  any 
average  day. 

Mr.  K.  Edgcumbe  joined  issue  with 
Mr.  Harrison  on  the  question  of  calcu- 
lating illumination  from  the  measured 
candle-power,  which  was  practically 
what  Mr.  Harrison's  method  came  to. 
But  reflection  from  the  houses  had  an 
important  bearing  in  horizontal  illu- 
mination, and  it  was  not,  therefore, 
sufficient  as  Mr.  Harrison  proposed  to 
measure  the  candle-power  and  then 
calculate  what  the  horiozontal  illumina- 
tion would  be.  Again  Mr.  Harrison 
used  a  flicker  arrangement,  and  he 
(the  speaker)  quite  agreed  that  if  a 
flicker  was  used  it  was  most  important 
that  the  screen  should  be  nearly  at 
right  angles  to  the  rays  for  the  simple 
reason  that  it  was  a  very  insensitive 
instrument  at  low  Illuminations.  An 
incidental  advantage  of  one  of  the 
portable  photometers  shown  that  even- 
ing and  which  should  not  be  overlooked, 
was  that,  owing  to  its  size  it  would  be 
very  useful  in  a  busy  street  to  take 
shelter  behind  as  a  protection  against 
the  traffic. 

Mr.  Harrison:  Has  Mr.  Edgcumbe 
ever  made  any  experiments  on  the 
effect  of  reflection  from  houses 
in  the  street  ? 

Mr.  Edgcumbe  :  Yes. 
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Mr.  Harrison  :  So  have  1.  I  take 
the  horizontal  readings  in  the  ordinary 
way  and  then  screen  them  so  as  to  have 
only  light  direct  from  the  lamps  on  to 
the  screen,  and  I  could  not  find  any 
difference. 

Mr.  Edgcumbe  :  I  do  not  think  that 
is  necessarily  conclusive. 

Mr.  Harrison  :  Well,  I  think  it  must 
be,  because,  if  you  eliminate  any 
reflection  from  the  sides  of  the  houses 
you  screen,  the  effect  should  be  capable 
of  measurement,  and  this  makes  the 
difference. 

Mr.  Edgcumbe  said  he  had  found  it 
almost  impossible  to  screen  all  "stray" 
light  in  this  way,  in  fact,  to  take  a 
case  in  point,  the  question  of  whether 
the  measurements  were  being  made 
on  a  dry  or  a  wet  night  had  an 
enormous  effect  on  the  illumination, 
and  consequently  it  was  extremely 
difficult  to  be  sure  that  they  were 
screening  all  extraneous  light. 

Mr.  Harrison  :  Surely  you  do  not 
suggest  reflection  from  the  wet  road 
which    is    below    the    screen  ? 

Mr.  Edgcumbe  :  Yes.  I  cannot 
fully  explain  it,  but  I  have  noticed  it, 
and  it  is  precisely  such  unlooked-for 
discrepancies  as  this  that  lead  me  to  say 
that  no  assumption  should  be  made  and 
that  the  horizontal  illumination  should 
be  measured  direct. 

Mr.  L.  Gaster  said  that  the  modern 
tendency  was  to  attach  great  impor- 
tance to  measurement.  The  value  of  a 
measurement  of  illumination  rested 
largely  in  the  fact  that  it  constituted 
a  record.  He,  of  course,  realised  that 
the  present  systems  of  determining  the 
intensity  of  illumination  were  not 
perfect  and  that  the  instruments  of  the 
future  might  be  a  great  advance  upon 
what  he  had  to  deal  with  now.  But 
he  contended  that  we  could  already 
take  measurements  with  quite  sufficient 
exactitude  to  be  of  considerable  practi- 
cal value. 

As  a  rule  we  did  not  so  much  care 
whether  the  illumination  on  a  table  was, 
say,  3-2  or  3-205  foot-candles.  A  differ- 
ence of  even  5  to  10  per  cent  was  a  small 
matter.  But  we  did  want  some  instru- 
ment by  which  to  ascertain  and  prove 
when  the  illumination  was  a  mere  frac- 
tion of  what  it  ought  to  be.  If  one  had  no 


such  instrument,  and  could  preserve  no 
record  of  what  the  illumination  under 
certain  circumstances  actually  was,  one 
naturally  could  not  substantiate  one's 
impression  that  the  lighting  conditions 
were  inadequate.  One's  conviction  in 
the  matter  could  be  put  down  to 
personal  oddities.  But  when  one  could 
back  one's  statements  by  actual  figures 
and  determinations  it  was  another 
matter. 

Mr.  Gaster  said  that  he,  therefore, 
believed  that  one  of  the  most  important 
pieces  of  work  for  the  society  to  do 
would  be  to  simplify  and  popularize 
measurements  of  illumination  so  that 
they  might  gradually  become  familiar 
and  accepted  processes.  With  this  end 
in  view  the  Society  had  devoted 
their  first  session  to  the  discussion  of 
general  problems  in  illumination,  and 
had  tried  chiefly  to  bring  home  the 
wide  range  of  subjects  with  which 
it  had  to  deal.  In  connexion  with 
the  measurement  of  illumination,  one  of 
their  chief  objects  must  be,  for  the 
present,  to  interest  outsiders  connected 
with  all  the  various  trades  and  pro- 
fessions, and  to  show  them  that  photo- 
metry could  be  useful  to  them  in 
their  daily  life. 

There  were,  of  course,  a  vast  number 
of  very  interesting  questions  in  con- 
nexion with  photometry  calling  for  the 
care  and  attention  of  experts  in  the 
subject.  The  Society  would  proceed 
to  these  in  good  time,  and  it  had  been 
suggested  that  during  the  next  session 
the  ordinary  general  meetings  of  the 
Society  should  be  again  devoted  to  sub- 
jects of  a  more  general  interest,  but 
that  additional  special  meetings  should 
take  place,  if  desired,  in  between,  when 
narrower  technical  matters  could  be 
discussed  in  detail  by  those  interested 
specially  in  these  specific  points. 

In  conclusion,  Mr.  Gaster  referred 
to  the  improved  laboratories  which 
had  come  into  existence  and  the  steady 
improvement  in  the  standard  of  photo- 
metrical  work.  There  were,  for  ex- 
ample, the  laboratories  of  the  great 
National  Institutions,  such  as  the 
National  Physical  Laboratory  in  this 
country,  the  Reichsanstalt  in  Germany, 
and  the  l^urcau  of  Standards  in  Wash- 
ington.   But  other  laboratories  have 
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been  and  were  being  developed,  and  he 
had  in  mind  two  at  least  which  were 
exceptionally  well  equipped,  that  of 
Messrs.  Korting  &  Mathiesen  in  Berlin, 
and  that  of  the  National  Electric  Lamp 
Association,  under  the  charge  of  Dr. 
E.  P.  Hyde,  in  the  United  States.  He 
mentioned  these  two  merely  to  show 
how  commercial  men  were  coming  to 
believe  in  the  value  of  photometry 
and  the  scientific  study  of  problems 
in  illumination  generally. 

The  President,  in  closing  the  dis- 
cussion referred  with  admiration  to  the 
Martens  photometer.  It  was  certainly 
open  to  the  criticism  of  Mr.  Trotter 
that  it  could  not  deal  with  light  in  all 
directions  at  once,  but,  after  all,  so  was 
Mr.  Trotter's  photometer,  for  the 
operator,  standing  by  it,  prevented 
some  light  from  reaching  the  instru- 
ment. Indeed,  every  photometer  which 
they  had  seen  there  was  open  to  the 
same  objection.  He  noticed  that  Mr. 
Harrison  stood  in  such  a  way  that  he 
was  intercepting  a  considerable  portion 
of  the  light  :  he  certainly  did  not  get 
the  whole  light  from  the  room  upon  the 
surface,  and  was  it  not  possible  to  make 
an  improvement  of  a  small  sort  in  this 
connection  ?  Why  not  measure  the 
illumination  in  two  parts  ?  Place  the 
photometer  so  that  it  received  light 
only  from  half  the  entire  horizon  from 
the  front  and  then  turn  the  photometer 
round  and  take  it  from  the  back. 

Mr.  Haydn  T.  Harrison  :  That  is  the 
idea  with  my  apparatus. 

The  President,  continuing,  said  the 
difficulty  was  that  one  was  always  apt 
to  get  into  trouble  the  moment  one 


began  to  add  up  illuminations  that 
were  separately  measured  from  different 
sides.  The  principles  were  well  enough 
recognised,  but  there  were  always  con- 
tingent conditions,  that  they  were 
not  perhaps  sensitive  to  at  the  time, 
and  they  might  go  wrong  in  the  result, 
but  they  would  not  probably  go  so  far 
wrong  as  that  famous  case  which  came 
to  us  from  the  United  States  twenty 
years  ago.  There  was  a  dispute  as 
to  whether  a  certain  arc  lamp  was  giving 
1,000  c.-p.  The  -makers  said  it  was, 
and  the  people  who  were  using  it  said 
it  was  not  anything  like  so  much.  The 
makers  sent  a  man  with  a  photometer 
and  measured  on  all  four  sides,  250  in 
this  direction,  250  in  that,  and  so  on. 
He  then  added  them  up  and  got 
1,000  c.-p.  At  the  same  time  he 
was  not  sure  whether  they  were  taking 
into  account  all  the  elements  that 
they  ought  to  consider  when  they 
made  separate  measurements  in  different 
directions  and  added  them  together. 
The  question  of  reflection  from  the 
surrounding  dull  surfaces  had  not  yet 
been  sufficiently  explored.  Dr.  Sump- 
ner's  contribution,  which  had  been 
mentioned,  returned  to  this  subject  ; 
and  it  was  a  subject  which  might  easily 
occupy  a  whole  evening  in  discussion. 
They  were  now  getting  to  the  end 
of  the  session.  There  only  remained 
a  general  meeting  for  the  election  of 
Council,  which  he  begged  to  announce. 
The  discussion  on  the  subject  of  '  The 
Measurement  of  Light  and  Illumina- 
tion,' now  concluded,  had  been  a 
most  fruitful  one  ;  and  some  of  the 
information  given  would  have  a 
permanent  value. 


Communicated  Remarks  on  the  Measurement  of  Light 
and  Illumination. 

Prof.  A.  Blondel  (Paris)  : — Query  1.  of  the  practical  value  of  photometry  to 

I    consider    that    the    photometrical  engineers. 

equipment  of  our  French  technical  To  be  of  real  utility  instruction  in 
schools,  with  the  exception  of  the  photometry  ought  to  be  in  the  hands 
Laboratoire  Central  d'Electricite,  is  of  engineers  interested  in  lighting,  and 
quite  inadequate.  There  is  a  lack  in  not  exclusively  in  the  hands  of  physic- 
some  cases,  of  proper  modern  apparatus,  ists  in  schools  of  the  more  purely 
and  in  others  there  is  no  true  conception  scientific    character.     Physicists  are 
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naturally  mainly  interested  only  in  the 
more  abstruse  aspects  of  the  subject, 
and  disposed  to  ignore  its  practical 
possibilities. 

Query  2. — In  photometrical  measure- 
ments a  precision  of  J  per  cent 
is  often  specified.  Personally  I  have 
never  been  able  to  do  better  than  about 
1  per  cent.  This  accuracy,  however,  is 
ample  for  practical  requirements  and 
need  only  be  exceeded  by  those  engaged 
in  laboratories  where  standard  work 
is  carried  out. 

I  regard  the  Eummer  Brodhun  as  a 
most  perfect  form  of  screen  giving  a 
very  high  order  of  sensitiveness.  My 
friend  M.  Broca  showed,  eighteen  years 
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Fig.  1.— Most  recent  form  of  Mesophotometer 
devised  by  the  Author. 

ago,  how  greatly  the  sensitiveness 
of  photometric  instruments  depends 
on  the  intensity  of  illumination  of  the 
photometer-screen.  He  pointed  out 
that,  in  order  to  secure  satisfactory 
conditions,  an  illumination  of  the 
photometer-screen  of  at  least  10  lux  was 
necessary.  Mr.  Dow's  experiences  on 
this  point,  referred  to  in  the  Illuminat- 
ing Engineer  for  last  month,  are  in 
accordance  with  his  conclusions. 

Query  3. — The  best  method  of  obtain- 
ing the  polar  curve  of  light-distribution 
of  a  source  of  light  is,  I  believe,  the 
use  of  "  mesophotometers  "  or  mirror 
integrating  apparatus.  I  described 
an  arrangement  of  this  kind  for  the 


first  time  in  1896,*  and  the  method  has 
been  more  or  less  improved  by 
Matthews,  Russell,  Leonard,  &c.,  since 
that  date.  The  best  system  to  adopt 
in  such  instruments  is,  in  my  opinion, 
to  utilise  mirrors  at  regular  angular 
intervals,  such  as  those  shown  in  Fig.  1. 
This  illustration  shows  the  form  most 
recently  described  by  me,t  and  is  con- 
structed, with  my  authorisation,  by 
Dr.  H.  Kriiss  of  Hamburg.  The 
advantage  of  this  appliance  is  that  it 
enables  us  both  to  trace  out  the  polar 


Fia.  2. — Lumen-Meter  with  elliptic  mirror. 


curve  quickly  and  easily,  and  also  subse- 
quently to  integrate  the  flux. 

Among  other  forms  of  apparatus 
described  by  me  for  this  purpose, 
I  may  mention  the  "  Lumen-meters, "J 


*  Edairage  Electrique,  1896,  Vol.  8,  p.  49. 

t  Bulletin  de  la  Socidtd  Internationale  des 
Electriciens,  2nd  Series,  Vol.  4,  p.  39.  Fig.  1. 
Each  screen,  D,  is  pierced  by  an  aperture,  the 
sectional  area  of  which  is  proportional  to  the 
ahe  of  the  angle  formed  with  the  vertical. 
Behind  the  apertures  are  a  series  of  lenses  which 
project  the  images  on  the  screen,  E,  so  that  the 
intensity  of  illumination  may  be  measured  by 
the  photometer. 

X  See  the  series  of  articles  published  by  the 
author  on  *'The  Determination  of  the  Mean 
Spherical  Candlepower  of  Sources  of  Light,"  in 
VEclairaye  Electrique,  1895,  pp.  385,  406,  538  583. 
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especially  the  type  utilising  elliptical 
mirrors,  which  is  shown  in  Fig.  2. 

I  also  approve  of  the  Ulbricht  globe - 
photometer,  of  which  specimens,  utiliz- 
ing two  metal  hemispheres  fitting 
together,  had  been  already  tried  by  me 
in  1901.  This  apparatus  is  exceedingly 
convenient  for  the  rapid  estimation  of 
the  total  luminous  flux  —  for  ex- 
ample, when  it  is  desired  to  compare 
different  qualities  of  arc -lamp  carbons. 
But  it  has  this  defect  :  that  it  does  not 
also  lend  itself  to  determination  of  polar 
curves  of  light -distribution.  In  addi- 
tion the  cahbration  of  the  sphere 
varies  according  to  the  age  and  nature 
of  the  diffusing  inner  surface,  which 
becomes  darker  with  time.  Again,  it  is 
difficult  to  calibrate  the  larger  spheres 
satisfactorily,  owing  to  there  not  being 
available  a  suitable  source  of  sufficiently 
high  candle-power  ;  an  electric  arc- 
lamp,  for  example,  gives  rise  to  a  very 
uncertain  result.  Moreover  the  indica- 
tions of  a  globe-photometer  are  only 
exact  when  the  diffusing  surface  and  the 
screen  exactly  follow  the  Law  of  Lam- 
bert.* 

In  any  case  I  do  not  think  the 
exactitude  of  the  instrument  materially 
exceeds  that  of  the  mesophotometer 
or  the  Lumenmeter,  with  the  elliptic 
arrangement  usually  employed.  For 
the  study  of  naked  arcs  one  can  obtain 
very  good  result  with  a  conical  lumen- 
meter  (also  described  in  1904). 

Query  4. — It  appears  desirable  to 
express  the  luminous  intensity  of 
sources  of  light  both  in  lumens  and  also 
in  terms  of  mean  spherical  candle- 
power  so  as  to  suit  the  respective 
purposes  to  which  the  figures  are  to  be 
put.  For  example,  the  expression  in 
lumens  is  more  convenient  when  one 
desires  to  estimate  the  mean  illumina- 
tion of  the  walls  of  a  room. 

In  addition,  it  is  often  serviceable 
to  know  the  mean  lower  hemispherical 
candle-power  and  flux.  Besides  these 
quantities,  it  is  very  desirable  that  the 


*  If  the  Law  of  Lambert  is  rigidly  followed, 
the  illumination  of  a  surface,  C,  tangential  to  the 
sphere  A  is  proportion  to  the  volume  of  the 
spherical  surface  B.  But  if  the  diffusion  of  light 
does  not  follow  this  cosine  law,  the  sphere  B 
has  to  be  replaced  hy  a  non-spherical  body  B', 
which  may  give  rise  to  an  appreciable  error. 


polar  curve  of  light -distribution  of  a 
source  should  be  given  and  the  latter 
cannot  be  said  to  be  complete!}-  defined 
unless  this  is  done. 


Fig.  8.— Lumen-Meter  with  difCusing  cone. 


Query  5. — There  is  no  good  method  of 
comparing  directly  the  intensity  of 
sources  of  light  which  differ  markedly 
in  colour.  The  flicker  method  does  not 
depend  on  any  scientific  principle,  and 
appears  to  me  to  be  quite  inexact  in 
practice. 

I  consider  it  far  preferable  to  make 
use  of  coloured  screens  so  as  to  balance 
any  difference  in  tint  on  the  part  of  the 
sources  of  light  compared  ;  the  recent 
proposition  of  Dr.  E.  P.  Hyde,  that 
standards  should  be  issued  by  the 
national   laboratories    equipped  with 
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certain  screens  enabling  the  colour  of 
their  light  to  be  brought  to  the  same 
tint  as  that  of  other  commercial 
sources,  meets  with  my  entire  approval. 


"  cat's  eye  "  principle,  the  last  two  the 
law  of  inverse  squares.  This  law 
appears  to  me  the  simplest  and  most 
convenient  as  well  as  the  most  exact 


Fig.  4. — Photometer,  equipped  with  "  cat's  eye"  adjustment.  A.  B.  Box  containing  lenses  and 
diaphragms  -  C.  Box  containing  prisms  and  screens  —  D.  Microscope,  magnifying 
power,  50. 


Query  6. — Figs.  4,  5,  and  6  illustrate 
three  models  of  photometers  which  I 
have  constructed  during  the  last  few 


Fig.  7. 

years  for  the  measurement  of  illumina- 
tion.*   The   first-named    utilises  the 


*  These  instruments,  like  mymesophotoraeterp, 
are  congtructed  by  M.  Camilleras,  128,  Rue  du 
Bois,  Levallois,  Taris. 


at  present  available.  The  third  of  the 
instruments  mentioned  utilises  either  a 
benzene  or  oil  lamp,  or  a  metallic  fila- 
ment. The  illumination  is  varied  by 
a  double  mirror  which  can  be  moved 
to  and  fro  within  the  tube.  This 
enables  daylight -illumination  to  be 
measured  as  specified  in  Query  8. 
The  optical  part  of  the  arrangements 
consists  in  two  opal  plates  A,  B, 
illuminated  by  the  illumination  studied 
and  the  standard  lamp  respectively, 
and  viewed  by  means  of  the  double 
prism  arrangement,  C.  The  appearance 
of  the  field  of  view  is  also  shown 
in  Fig.  7. 

For  the  comparison-light  I  consider 
a  small  benzene  or  oil  lamp,  the  height 
of  the  flame  being  exactlj^  regulated, 
preferable  to  an  electric  lamp,  since  the 
latter  requires  exact  adjustment  and 
involves  the  additional  weight  of  an 
accumulator,  rheostat,  and  measuring 
instrument.  I  am  aware,  however, 
that  very  compact  instruments  utilising 
incandescent  lamps  have  been  con- 
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Fig.  5. — Illumination  Photometer.  A.  Box  containing  prisms  and  translucent  screens— B.  Tube 
containing  moveable  electric  lamp,  and  stationary  scale— C.  Apparatus  for  adjusting  and 
measuring  distance  of  lamp  from  screen— D.  Mirror  inclined  at  45°— E.  Screen  to  receive 
illumination  at  variable  angle— F,  Diaphragm, 


Fig.  6. — Illumination  Photometer.  A.  Box  containing  Prisms  and  translucent  screens — 
B.  Standard  Lamp— C.  Tube  containing  adjustable  mirror — C  Cover,  with  transparent 
divided  scale— D.  Screen  for  adjusting  mirrors — E.  Cover  for  illuminated  screen  adapted 
for  measurements  at  various  angles. 
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structed  by  Mr.  Trotter  and  others,  but 
I  have  not  had  occasion  to  test  their 
equalities  personally. 

It  seems  to  me  that  an  accuracy 
of  2  to  3  per  cent  is  ample  in  the  case 
of  instruments  of  this  nature. 

Query  7. — ^For  the  present  I  must 
excuse  myself  from  entering  into  this 
question,  which  involves  other  con- 
siderations remote  from  the  purely 
photometrical  ones  dealt  with  above. 
I  hope,  however,  to  return  to  it  on 
another  occasion. 

Dr.  M.  Corsepius  (Cologne)  :  The 
necessity  for  accurate  comparisons  of 
the  performances  of  different  sources 
has  now  become  much  more  vital  than 
it  was  a  few  years  ago,  owing  to  the 
introduction  of  the  efficient  tungsten 
lamps.  In  the  case  of  arc -lamps  the 
candle-power  is  commonly  expressed 
in  terms  of  mean  hemispherical  candle- 
power  ;  but  the  candle-power  of  glow- 
lamps,  on  the  other  hand,  is  measured 
in  a  direction  perpendicular  to  the 
vertical  axis  and  figures  giving  the 
specific  consumption  in  watts  per 
candle  are  commonly  presented  on  this 
basis.  It  is  obvious,  therefore,  that 
the  results  in  the  two  cases  are  not 
comparable.  Were  the  mean  spherical 
candle-power  adopted  as  the  basis  of 
comparison  the  apparent  efficiency  of 
arc -lamps  might  often  be  doubled, 
while  that  of  the  glow-lamp  would  only 
be  raised  about  25  per  cent  ;  that  is  to 
say,  the  glow-lamps,  according  to  the 
existing  system  of  rating  appear  better 
than  they  really  are.  On  the  other 
hand,  a  system  of  reckoning  the  mean 
hemispherical  candle-power  of  a  glow- 
lamp  equipped  with  a  reflector,  so  as  to 
rate  it  on  the  same  terms  as  arclamps, 
would  be  imsatisfactory,  because  at 
present  the  great  majority  of  glow-lamps 
are  installed  without  reflectors,  e.g.,  on 
the  ceilings  of  rooms,  &c.  As  suggested 
in  Query  4,  therefore,  it  would  be  better 
if  all  these  different  illuminants  were 
compared  on  the  basis  of  mean  spherical 
candle-power. 

As  regards  Query  No.  5,  I  should  like 
to  state  that,  in  my  opinion,  the  diffi- 
culty of  comparing  lights  which  differ 
in  colour  is  frequently  exaggerated. 
With  an  ordinary  Lummer  Brodhun 
pliotomoter,  for  cxamiJle,  we  can  com- 


pare greenish  and  reddish  lights  with 
very  fair  accuracy  provided  the  in- 
tensity of  illumination  of  the  photo- 
meter screen  is  sufficient. 

On  the  other  hand,  it  is  certainly 
true,  as  I  myself  have  found  by 
experience,  that  it  is  very  desirable 
to  secure  agreement  in  colour  when 
possible,  especially  when  a  large  number 
of  tests  are  to  be  made.  In  the  case  of 
incandescent  mantles  it  is  therefore 
better  not  to  compare  the  mantle 
direct  against  a  Hefner  standard  but  to 
utilise  an  electrical  glowlamp  screened 
with  suitable  weakly-coloured  glasses. 
By  the  aid  of  certain  combinations — 
for  example,  glasses  of  a  blue  and 
yellow  or  brownish  tinge — one  can 
obtain  a  light  which,  in  the  field  of  the 
photometer,  seems  to  match  that  of  the 
mantle  exactly. 

This  system  has  been  found  to  be 
advantageous  whenever  we  have  to 
make  a  comparison  with  the  Hefner 
lamp.  The  calibration  of  the  screened 
glow-lamps  in  terms  of  this  standard 
should  take  place  on  a  short  bench, 
sufficient  time  being  devoted  to  the 
comparison  to  get  an  exact  result  and 
every  precaution  being  taken  to  secure 
as  great  an  accuracy  as  possible.  For 
the  actual  tests  the  prescribed  system 
is  very  convenient  since,  when  a  large 
number  of  lamps  have  to  be  tested,  the 
speed  of  the  process  is  very  materially 
improved  and  much  time  is  saved  by 
working  with  lights  of  the  same  colour. 

When  the  globe-photometer  is  used 
a  colour-match  is  still  desirable.  In 
this   case,   however,   a  fairly  rough 
approximation   in   tint   may  suffice. 
For  example,  a  flame  arc  may  be 
compared  against  an  under-run  glow- 
lamp  ;  an  arc-lamp  with  a  somewhat 
violet  tint  against  a  glow-lamp  with 
a  blue  glass  screen  in  front,  &c.    In  this 
case,  again,  special  care  should  be  taken 
with   the   process   of   calibration  (a 
100  H.K.  Osram  lamp  being  a  very 
convenient  source  to  use). 

W.  J.  Cady  (Newark,  Ohio,  U.S.A.) : 
The  question  of  the  best  modern  methods 
of  obtaining  the  polar  curves  of  light 
distribution  and  of  measuring  the 
mean  spherical  candle-power  of  different 
light  sources,  is  of  considerable  interest, 
especially  as  concerns  the  measurement 
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of  distribution  about  lamps  and  re- 
flectors. It  is  in  this  question  of 
reflector  -  testing  that  probably  the 
greatest  difficulties  are  met  with  in 
photometric  measurement,  because  we 
have  not  only  the  colour  differences 
which  exist  in  the  lamps  themselves, 
and  which  are  consequently  met  with 
in  lamp  measurement,  but  also  the 
question  of  great  extremes  in  intensity. 
A  third  important  factor  is  that  of  the 
question  of  the  distance  from  the  photo- 
meter screen  at  which  the  lamp  and 
reflector  is  tested. 

For  the  distribution  measurement 
about  lamps  which  must  be  burnt  in 
the  vertical  position,  there  are  four 
or  more  types  of  photometers.  The 
one  type  which  is  at  present  used  to 
the  greatest  extent,  is  that  of  the 
mirror  photometer  in  which  the  lamp 
remains  stationary,  and  either  a  single 
mirror  or  a  train  of  mirrors  is  rotated 
about  the  lamp,  or  a  Matthews  photo- 
meter is  used  with  all  the  mirrors 
covered,  except  that  in  the  direction 
in  which  measurement  of  light  is 
desired.  There  are,  however,  several 
disadvantages  in  the  use  of  mirrors, 
particularly  where  light  units  of  differ- 
ent sizes  and  colours  are  to  be 
measured.  For  instance,  where  a 
lamp  and  reflector  are  tested,  the 
mirrors  are  practically  calibrated  for 
coefficient  of  reflection  over  a  small 
portion  of  the  mirror.  This  co- 
efficient of  reflection  is  then  assumed 
to  apply  to  the  whole  mirror  when  the 
reflector  is  tested.  From  the  fact  that 
small  mirrors  taken  from  the  same 
large  piece  of  mirror  have  shown  a 
variation  of  co-efficient  of  reflection  of 
4  per  cent  or  5  per  cent,  it  is  easily 
seen  that  this  would  cause  an  appreci- 
able error.  If  there  is  such  a  variation 
in  the  mirror,  a  correction  cannot  be 
applied  to  the  reflector  test,  because 
where  reflectors  and  globes  of  different 
sizes  are  used  it  would  be  necessary 
to  determine  as  many  correction  factors 
as  the  number  of  globes  and  reflectors 
to  be  tested.  Even  though  a  perfect 
piece  of  mirror  is  originally  obtained, 
this  mirror  would  soon  deteriorate,  and 
this  deterioration  is  not  regular  over 
the  whole  surface,  as  is  shown  by  the 
fact  that  many  mirrors  become  spotted. 


A  second  disadvantage  in  the  use  of 
mirrors  is  their  selective  absorption. 
It  is  shown  by  E.  F.  Nichols  that  the 
coefficient  of  reflection  of  a  mirror 
varied  by  12  per  cent  for  light  from  one 
end  of  the  visible  spectrum  to  the 
other.  The  following  are  some  of  the 
figures  obtained  by  Mr.  Nichols. 
Wave  Length  Per  Cent 

4300    82-7 

4900    90-1 

5900    91-6 

6400    93-6 

7500    950 

This  is  sufficient  to  indicate  that  for 
lights  of  widely  different  colour,  as 
the  carbon,  arc,  and  Cooper-Hewitt 
lights,  a  considerable  error  might  be 
obtained  in  the  comparison  of  these 
lights  where  a  mirror  is  used. 

A  second  possible  method  of  dis- 
tribution measurement  involves  the 
use  of  a  Selenium  cefl,  but  this  method 
has  been  but  little  explored.  The  cell 
could  be  calibrated  for  a  given  light 
source,  but  where  globes  which  may 
absorb  selectively  are  also  tested,  a 
difficulty  would  be  presented.  How- 
ever, there  is  a  considerable  field  for 
experiment  in  the  use  of  this  method. 

A  third  method  is  a  direct  one,  and 
involves  the  rotation  of  the  photo- 
meter head  about  the  lamp  to  be  tested. 
This  necessitates  that  the  reader  of  the 
photometer  move  about  with  the 
photometer-head,  which  is  attended 
with  considerable  personal  inconveni- 
ence. Such  a  piece  of  apparatus  is 
installed  in  one  of  the  photometric 
laboratories  in  the  United  States, 
where  arc  lamps  are  tested.  Two 
simultaneous  readings  are  made  on 
two  photometer-heads  at  equal  angles 
from  the  vertical,  but  on  opposite 
sides,  and  the  whole  apparatus  presents 
the  appearance  of  a  small  Ferris  wheel. 

A  fourth  method,  and  one  which 
makes  direct  readings,  involves  the  use 
of  the  Dibdin  radial  photometer,  in 
which  the  lamp  to  be  tested  moves 
in  a  vertical  line  and  the  comparison 
lamp  in  a  horizontal  line.  This  neces- 
sitates that  the  photometer  screen 
must  bisect  the  angle  made  by  the  two 
photometrical  axes,  but  this  may  be 
done  by  a  simple  mechanical  arrange- 
ment.   The  photometer  screen  need 


318 


THE  ILLUMINATING  ENGINEER. 


not  be  a  perfect  diffusing  surface,  but 
it  should  be  exactly  alike  on  the  two 
sides. 

The  question  of  the  distance  from 
the  photometer  head  at  which  reflectors 
should  be  measured,  was  mentioned 
as  an  important  factor  in  photometric 
measurements  of  this  kind.  The  reason 
for  this  is  that  candle-power  distribu- 
tion measurements  of  a  reflector,  especi- 
ally a  concentrating  reflector,  will  show 
entirely  different  results  if  taken  at  a 
distance  of  five  feet  or  at  ten  feet.  It 
is  generally  thought  that  this  is  due 
to  the  size  of  the  reflector,  that  as  the 
reflector  is  not  a  point  source,  the  law 
of  inverse  squares  no  longer  holds 
strictly  true.  This  effect  is  due,  how- 
ever, more  to  the  fact  that  one  set  of 
rays  of  light  is  brought  to  a  focus  at 
one  point,  and  another  set  may  be 
brought  to  a  focus  at  another  point, 
and  if  measurements  are  made  forward 
or  back  of  one  of  these  foci  different 
results  will  be  obtained  than  those 
obtained  by  taking  the  measurements 
at  the  focus.  As  this  effect  does  exist, 
photometric  measurements  of  different 
light  sources  and  different  globes  and 
reflectors  should  not  be  directly  com- 
pared if  these  measurements  have  not 
been  made  at  the  same  distance. 

Mr.  A.  A.  Wohlauer  (New  York)  : 
There  is  no  doubt  in  my  mind  that  the 
facilities  presented  at  technical  colleges 
and  scientific  institutions  are  not  suffi- 
cient to  serve  even  as  an  introduction 
in  the  fundamental  principles  of  illu- 
minating engineering.  This  is  true 
even  at  the  present  time  when  the 
science  is  still  in  a  state  of  development, 
and  the  possibility  of  setting  up  a  very 
definite  programme  rather  remote.  It 
is  necessary  to  impress  upon  the 
student  the  inefficiency  and  insufficiency 
of  the  production  and  utilization  of 
light  ;  the  difference  between  light  and 
illumination,  the  rules  of  light  distribu- 
tion, the  design  of  reflectors,  photo- 
metry and  illuminomotry,  &c. 

As  to  the  fourth  query,  it  is  certainly 
desirable  that  there  should  be  an  inter- 
national agreement  on  the  subject  of 
measuring  illuminants  and  comparing 
one  with  another.  The  proper  basis 
is,  of  course,  that  of  the  total  (juantity 
of    light    or    flux.    This  conception 


should  be  generally  adopted  and  popu 
larized  ;  whether  the  total  or  the  upper 
and  lower  hemispherical  flux  is  taken 
into  consideration  is  a  matter  of  con- 
venience. The  use  of  the  flux  as  an 
expression  of  the  light-giving  power  of 
a  lamp  is  desirable  on  account  of  the 
fact  that,  in  the  case  of  line  and  surface 
sources  of  light,  the  light  intensity, 
or  even  the  mean  spherical  candle- 
power,  has  no  distinct  meaning  what- 
soever. 

For  similar  reasons  a  considerable 
amount  of  investigation  has  yet  to  be 
carried  on  in  order  to  get  a  sound  basis 
for  expressing  the  light-giving  power 
of  units  where  reflectors  of  more  or  less 
large  size  are  employed.  The  so-called 
"  apparent  candle-power  "  only  holds 
good  for  a  certain  distance  between 
lamps  and  illuminated  objects  and  the 
existing  methods  of  calculating  illu- 
mination from  the  experimental  values 
of  the  light-giving  power  have  to  be 
remodelled.  If  this  is  done  in  a  proper 
manner,  we  may  hope  to  arrive  at  a 
better  and  more  convenient  method 
of  doing  the  same  kind  of  calculations 
in  connexion  with  daylight,  which  is  a 
very  important  subject. 

However,  my  studies  along  these 
lines  are  not  ripe  yet  for  publication. 

Mr.  N.  Macbeth  (Gloucester,  N.J., 
United  States)  : 

Query  3. — In  investigating  the  polar 
curves  of  sources  having  a  symmetrical 
light  distribution  in  a  vertical  plane,  I 
have  found  the  protractor  method  of 
determining  mean  spherical  or  mean 
hemispherical  candle-power  more  than 
commercially  accurate  ;  it  also  enables 
results  to  be  obtained  with  compara- 
tively little  work. 

This  method  is  based  on  one  of  the 
well-known  Rousseau  diagrams,  but 
without  a  planimeter.  It  is  merely 
assumed  that  a  reading,  taken  at  the 
intersection  of  the  distribution  curve 
and  a  perpendicular  line  in  the  centre 
of  each  of  the  ten  equal  area  zones 
(in  the  upper  and  lower  hemisphere), 
represents  the  average  intensity  for  each 
of  these  zones.  It  may  be  readily 
determined  that  these  central  zonular 
lines  are  at  18^  12',  31°  47',  41°  25', 
49°  28',  56°  38',  63°  15',  69°  31',  75°  31', 
81"   22',    87°    8'.    Consequently,  by 
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making  a  transparent  protractor  with 
radial  lines  corresponding  to  the  above 
angles,  readings  may  be  made  on  the 
regular  polar  diagram.*  For  the  con- 
venience of  engineers,  standard  paper 
has  been  printed  by  the  Illuminating 
Engineering  Publishing  Company  with 
these  irregular  angular  divisions  as 
dotted  radial  lines,  in  addition  to  the 
regular  5°  divisions.  (See  Fig.  1). 

On  this  paper  it  is  only  necessary  to 
read  off  the  intensity  values  at  each  of 
the  ten  intersecting  dotted  lines,  add 
them  up  and  point  off  one  place  to  the 
left  for  mean  hemispherical  candle- 
power,  the  mean  of  the  two  hemispheres 
giving  the  mean  spherical. 

We  have  recently  adopted  a  "  flux 
polar  scale "  for  determining  the 
effective  flux  in  any  zone  of  10°  or  its 
multiple,  in  accordance  with  a  method 
described  by  Codman  and  Rolph.f 
This  scale  is  shown  in  Fig.  2.  It  is 
made  for  use  with  the  standard  5"  by 
8"  flux  polar  diagram  paper  above 
mentioned  (Fig.  1),  and,  having  eight 
scales,  may  be  used  on  all  curves 
plotted  with  10,  15,  20,  30,  40,  50, 
60,  or  80  candle-power  to  ten  small 
divisions,  or  to  each  large  division  ; 


or  total  flux,  in  a  manner  that  is  at 
once  simple  and  effective.  The  hemi- 
spherical or  total  flux  values  may  be 
secured  more  readily  by  using  the 
dotted  line  flux  polar  paper  and  multi- 
plying by  27r  or  47r  r  spectively. 

Referring  now  to  the  curve  plotted 
on  Fig.  1,  the  mean  lower  hemispherical 
candle-power  is  83-8  +  78*0  +  77-4  -f 
76-5  +  75-2  +  73-3  +  71*6  +  69-3  -f 
67-0  +  65-0  =  (737-1^10)  =  73*7,  and 
the  flux  is  distributed  within  the 
various  zones  as  shown  below. 

Query  4. — I  am  strongly  in  favour  of 
statements  of  the  total  flux  of  light 
generated  being  expressed  in  lumens 
(M.S.C.P.  X  47r)  when  it  is  desired  to 
compare  various  sources  of  light. 

The  terms  mean  spherical  and  hemi- 
spherical candle-power,  and  have  been 
much  abused  and  misunderstood  in  the 
past.  It  is  also  a  rather  difficult  matter 
to  explain  clearly  to  those  who  are 
taking  up  this  subject,  just  what  these 
terms  mean,  and  to  avoid  confusion 
with  statements  of  maximum  candle- 
power,  the  latter  quantity  having  been 
largely  used  without  any  regard  to  the 
angle  at  which  this  maximum  may  be 
secured.    We  have  therefore  adopted 
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or,  by  assuming  double  or  half  values 
may  be  used  for  scales  of  5,  25,  100, 
120,  and  160  candle-power  divisions. 
In  this  way  a  curve  may  be  plotted 
to  any  convenient  size  which  gives 
legible  results. 

To  use  the  scale,  it  is  merely  necessary 
to  note  the  horizontal  distance  from 
the  vertical  line  of  the  flux  polar 
diagram  to  each  intersection  with  the 
light-distribution  curve  at  5°,  15°, 
25"",  &c.  We  can  thus  derive  the  flux 
within  any  zone,  or  the  hemispherical 

*  Illuminating  Engineer.  New  York,  March, 
1908. 

t  Illuminating  Engineer^  New  York,  May,  1909. 


and  made  use  of  the  lumen  as  the  unit  of 
flux. 

Moreover,  mean  hemispherical  and 
spherical  candle-power  do  not  convey 
the  idea  of  a  numerical  value  (when  we 
may  have  Jcii  =  15,  J  c:?  =  25  and  Jo  = 
20)  nearly  so  effectively  as  when  we 
state  that  the  total  lumens  generated 
by  a  certain  lamp  are  251,  with  94 
lumens  in  the  upper  hemisphere  and 
157  lumens  in  the  lower. 

In  reports  of  tests  of  electric  lamps 
adequate  data  should  always  be  given 
so  that  it  may  readily  be  determined 
whether  the  test  conditions  were 
regular  or  not.    Reports  appear  from 
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time  to  time  showing  phenomenal 
results,  which  when  investigated,  prove 
to  have  been  secured  under  conditions 
so  unusual  as  to  render  them  worthless. 
This  is  perhaps  even  more  important 
in  the  case  of  gas  lamps,  where  we 
should  at  least  be  informed  of  the 
pressure,  consumption,  kind  of  gas, 
its  specific  gravity,  calorific  value,  and 
candle-power. 

Information  should  also  be  given  of 
the  performance  of  the  particular  lamp 
under  test,  at  all  the  usual  pressures 
at  which  that  lamp  may  be  used.  In 
this  country  we  have  from  15  tenths  to 
80  tenths  inches  of  water-pressure  to 
meet  in  various  sections,  and  we  have 
also  several  forms  of  artificial  gases 
which  differ  considerably  from  each 
other. 


course,  be  divided  into  (1)  daylight 
illumination,  and  (2)  artificial  illumina- 
tion. There  seem  to  be  no  rules  in 
regard  to  daylight  illumination,  the 
architect  merely  putting  in  a  window 
such  as  the  building  will  stand  irre- 
spective of  the  surroundings.  The 
illumination  at  any  point  should  not  be 
less  than  a  certain  minimum  pro- 
portion of  the  illumination  out  of  doors, 
and  this  proportion  is  one  that  has 
yet  to  be  fixed.  It  is,  also,  not  enough 
to  specify  merely  this  one  quantity,  as 
the  question  of  glare  should  also  be 
taken  into  account  ;  that  is,  the 
maximum  as  well  as  the  minimum  must 
be  considered.  This  is  even  more 
important  in  the  case  of  artificial 
illumination,  which  is  generally 
specified  to  be  "  adequate,"  or  to  be 
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Mr.  W.  R.  Cooper.— I  should  like 
to  have  some  further  information  in 
regard  to  the  experiments  shown  by 
Mr.  Dow  at  the  last  meeting,  indi- 
cating   that    a    red    light    gave  a 
more   distinct   reading   than   a  blue 
light.    How  was  the  equality  of  the 
lights  ensured  ?    The  fact  that  there 
was  inequality  in  the  reading  would 
generally  be  taken  as  an  indication 
that  the  lights  were  not   of  equal 
intensity.    Assuming    that    the  two 
lights  actually  were  of  equal  intensity, 
I  would  throw  out  the  suggestion  that 
printer's  ink  may  perhaps,  be  to  some 
extent    fluorescent,    and    would  be 
affected  by  the  highly  actinic  light  of 
the  mercury  lamp. 

I  feel  that  it  is  very  important  that 
the  Society  should  take  up  the  question 
of  the  specification  of  illumination ; 
at  least,  in  the  case  of  public  buildings, 
such  as  schools.    The  subject  must,  of 


given  by  so  many  candle-power  per 
square  yard.  Unfortunately,  good  illu- 
mination depends  also  upon  the  scheme 
of  decoration  which  is  liable  to  be  altered 
at  any  time,  though  this  is  not  so  much 
the  case  in  public  buildings,  to  which 
the  Society  should  first  of  all  turn  its 
attention. 

In  conclusion,  I  should  like  to  draw 
attention  to  the  fact  that  Mr.  Trotter 
uses  the  term  "  foot-candle  "  instead  of 
"  candle-foot."  The  term  "  candle- 
foot  "  has  been  very  generally  adopted, 
and  it  seems  a  pity  that  want  of  uni- 
formity should  be  introduced  unless 
there  is  some  exceedingly  good  reasons 
for  it. 

Mr.  J.  S.  Dow  :  I  should  like  to 
make  a  few  remarks  on  Mr.  Wild's 
interesting  table  relating  to  the  sensi- 
tiveness of  different  types  of  photo- 
meters. As  explained  at  the  last 
meeting,  I  regard  the  estimate  of  the 
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older  physiologists  that  the  eye  cannot 
detect  less  than  1  per  cent  change  in 
brightness  of  an  illuminated  surface, 
as  conservative.  We  have  every  reason 
to  hope  that,  by  the  adoption  of  more 
sensitive  devices  than  those  previously 
employed  we  might  considerably  im- 
prove on  this  figure. 

But  I  must  confess  that  some  of  the 
results  given  by  Mr.  Wild — for  example, 
an  "  insensitiveness  "  of  0*2  per  cent — 
seem  to  me  better  than  I  should  have 
supposed  could  be  habitually  obtained. 
A  sensitiveness  of  the  above  order 
means  that  one  should  be  able  to  set  the 
photometer  with  certainty  to  within 
half  a  millimetre,  at  the  centre  of  a 
2-metre  bench,  and  I  think  that  very 
few  observers  could  undertake  to  do 
this  Avith  any  instrument.  Authorities 
at  the  Reichsanstalt  and  tlie  Bureau  of 
Standards  have  estimated  that,  under 
favourable  conditions,  results  can  be 
reproduced  to  within  1/5  to  1/10  of  a 
per  cent.,  but  this  refers  to  the  mean  of 
a  set  of  readings. 

Of  course,  it  is  always  possible  that 
greater  sensitiveness  might  be  secured 
by  utilising  some  new  physiological 
principle.  For  example,  when  flicker 
photometers,  in  which  the  illuminated 
surfaces  are  compared  in  succession 
instead  of  simultaneously,  came  into 
general  use,  it  seemed  quite  conceivable 
that  an  improvement  might  be  made 
by  this  means,  though,  as  a  matter  of 
fact,  these  instruments  seem  to  give 
the  same  order  of  sensitiveness  to  that 
obtainable  from  photometers  of  the 
ordinary  variety,  for  lights  of  the  same 
colour.  Again  I  can  understand  that 
in  Mr.  Wild's  special  flicker  photometer, 
in  which  the  best  sensitiveness  of  the 
grease-spot  is  secured  by  looking  at  both 
sides  of  the  screen,  and  improvement 
might  be  found  to  exist.  The  same 
holds  good  for  the  Bechstein  flicker 
instrument*  in  which  a  double  reversal 
takes  place,  the  centre  and  annulus  of 
the  field  of  view  being  alternately 
iilluminatcd  by  the  two  sources  ex- 
amined. However,  I  do  not  quite 
understand  to  what  the  high  sensitive- 


•  Ilium.  EiKjmeer,  TiOnd.,  Vol.  I.,  June,  1908, 
p.  499. 


ness  claimed  by  Mr.  Wild's  most  recent 
device,  utilising  a  strip  of  silvered 
mirror  on  plane -glass  (a  model  of 
which  was  shoAvn  at  the  meeting),  is 
due  since  this  seems  to  resemble  the 
Lumme  Brodhun  in  principle,  and  1 
should  not  have  supposed  that  the 
silvered  mirror  was  any  more  perfect 
optically  than  the  total  internal 
reflection  arrangement  used  in  that 
apparatus. 

As  regards  the  use  of  illumination- 
photometers,  I  should  like  to  enter  a 
plea  for  greater  portability  and  sim- 
plicity in  these  instruments,  even  if  the 
accuracy  and  sensitiveness  be  somewhat 
impaired.  As  in  the  case  of  electrical 
instruments,  there  is  room  for  a  wide 
range  of  types  intermediate  between  the 
elaborate  and  highly  sensitive  labora- 
tory apparatus  and  that  intended  only 
for  a  rapid  and  approximate  judgment. 

In  this  connection,  though  I  have  not 
much  faith  (as  far  as  present  results 
show),  in  the  use  of  "  acuteness  of 
vision  "  devices  for  exact  work,  it  yet 
seems  possible  that  they  might,  if 
properly  developed,  be  found  serviceable 
for  approximate  practical  results. 
Another  possible  line  of  improvement 
is  the  so-called  "  physical "  photo- 
meters, depending  on  some  heating 
or  chemical  effect.  With  all  the 
obvious  difficulties  of  such  instru- 
ments, I  am  not  certain  that  they 
might  not  eventually  be  of  service  for 
comparative  measurements.  Of  course, 
in  any  case  the  ultimate  appeal  must 
be  to  the  eye.  Selenium  cells,  though 
still  very  imperfect  from  the  photo- 
metric standpoint,  have  been  much 
improved.  Presser*  has  recently  de- 
scribed their  application  as  a  means  of 
automatically  recording  fluctuations  in 
the  intensity  of  sources  of  light.  Voegef 
has  used  a  special  thermopile  arrange- 
ment for  a  similar  object,  and  also  for 
automatically  tracing  out  polar  curves 
of  light-distribution.  (This  is  also  a  line 
of  work  in  which  any  means  of  reducing 
the  tedious  nature  of  existing  opera-  • 
tions  would  be  very  welcome). 

*  Presser,  E.T.Z.,  Feb.  24, 1910. 
t  W.  Voef?e,  E  T  Z.,  Jan.  10, 1*)0S  ;  Ulum.  Eng., 
Lond.,  Vol.  I.,  1908,  p.  239. 
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The  Direct  Measurement  of  the  Total  Light  Emitted  from 

a  Lamp. 

Paper  presented  at  the  Meeting  of  the  '^he  lUmmmiinQ  (BmnetXinQ  ^OCiti))  (Founded  in  London,  1909), 
on  Thursday,  April  14th,  1910  It  is  hoped  that  members  will  t/ake  full  advantage  of  these  columns  for  the 
discussion  of  Dr.  Sumpner's  suggestions. 

W.  E.  SuMPNER,  D.Sc,  M.I.E.E. 

The  quantity  of  light  emitted  by  any  of  the  Ulbricht  globe  reflects  light  by 

form  of  lamp  is  measured  by  its  spherical  diffusion  only..  It  must  be  a  matt 

candle-power.    The  determination   of  surface  and  not  shine  by  regularly 

this  quantity  is  of  commercial  import-  reflected    light.    Such    a    surface  is 

ance,  and  a  simple  method  of  making  easy  to  procure.    But  a  fourth  assump- 

the  test  is  much  wanted.    The  best  tion  which  I  do  not  think  has  been 

known  direct  test  is  by  the  use  of  the  previously    discussed    refers    to  the 

Ulbricht  globe.  material  of  the  window  transmitting 

This  globe  no  doubt  yields  good  light  to  the  photometer.    It  is  assumed 

results  in  practice,  but  it  has  some  that  this  window  transmits  light  by 

defects  which  prevent  its  action  from  diffusion  only,  that  is,  it  is  assumed  that 

being  quite  accurate.    It  is  the  purpose  none  of  the  rays  pass  straight  through 

pf  this  paper  briefly  to  allude  to  these  it  as  would  be  the  case  with  transparent 

sources  of  error,  and  in  particular  to  glass.    The    material    used    for  this 

(^iscuss  whether  it  is  possible  to  obtain  window  must  be  most  carefully  chosen, 

equally  good  or  better  results  by  using,  for  unfortunately  any  translucent  sub- 

ir\  place  of  the  globe,  merely  a  rect-  stance  like  milky  glass  transmits  light 

angular  box.  partly  by  diffusion,   and  partly  by 

The  accuracy  of  the  action  of  the  direct  transparency,  and  it  may  quite 
globe  is  dependent  on  at  least  four  easily  happen  that  the  amount  of  light 
assumptions.  In  the  first  place,  the  leaving  the  sphere  through  the  photo- 
inner  surface  must  reflect  light  of  all  meter  window  is  quite  as  much  due 
colours  equally  well,  and  the , reflecting  to  transparency  as  to  diffused  trans- 
powpr  should  be  high.  There  is  no  mission.  In  such  a  case  the  effect  on 
difficulty  about  this,  but  if  the  surface  the  photometer  measurement  would 
were  not  quite  white  the  error  due  to  be  serious.  Part  of  the  light  received 
selective  colour  action  would  be  most  from  the  window  would  follow  the  law 
serious,  quite  apart  from  any  diffi-  assum^ed  in  the  theory  of  the  Ulbricht 
culty  of  colour  photometry.  In  the  globe,  and  would  be  due  to  the  light 
next  place  it  is  "assumed  that  there  falling  on  the  window  from  all  parts 
are  no  surfaces  within  the  globe  which  of  the  sphere.  But  another,  and 
absorb  or  reflect  light.  This  cannot  possibly  equally  important,  portion 
be  quite  true  in  practice.  The  small  would  follow  a  different  law,  and  would 
surface  used  to  screen  the  direct  rays  be  due  to  the  brightness  of  the  part 
of  the  lamp  from  the  photometer  of  the  opposite  surface  of  the  sphere, 
window  causes  some  error,  though  in  visible  from  the  photometer  through 
most  capes  this  error  may  be  negligibly  the  (transparent)  window, 
small.  But  when  arc-lamps  possessing  These  properties  of  translucent  mate- 
globes  are  under  test  the  error  may  be  rials  I  investigated  together  with  a 
quite  ^;ppreciable.  Such  arc -lamp  number  of  kindred  matters,  in  a  paper* 
globes  are  usually  suspended  near  the  read  in  1892  before  the  Physical  Society, 
top  of  the  Ulbricht  globe,  and  their  I  must  refer  to  this  paper  for  proof 
action  tends  to  prevent  the  upward  of  the  foregoing  statement,  and  also 
rays  of  the  lamp  from  having  their  proper  for  the  proof  (given  on  page  84)  of  a 
influence  on  the  photometric  measure-  theorem,  about  a  sphere,  which  I  quote 

ment.    A  third  assumption  which  is   :  

well  understood,  is  that  the  surface  *  '  The  Diffusion  of  Light,'  Phil.  Mag.,  1893. 
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below.  Its  discovery  rather  surprised 
me  at  the  time.  It  forms  the  basis 
of  the  action  of  the  Ulbricht  globe 
suggested  some  years  afterwards.  The 
theorem  Avas  thus  stated  : — 

"  If  any  complete  (or  if  any  port  ion  of 
a)  spherical  surface  be  illuminated  in 
any  manner  lo  by  the  direct  rays  of  a 
combination  of  light  sources,  the  actual 
illumination  I  will  exceed  Iq  by  a 
constant  amount  all  over  the  sphere, 
owing  to  the  reflective,  action  of  the 
surface." 

This  theorem  is  remarkable  for  two 
things  ;  for  the  ease  with  which  it  can 
be  proved,  and  for  its  extreme  generality. 
It  does  not  matter  how  uneven  the 
candle-power  of  the  light  is,  or  where  it 
is  placed.  It  need  not  be  at  the  centre. 
There  may,  indeed,  be  any  number  of 
lamps  placed  anywhere  within  the 
sphere.  It  does  not  matter  what  the 
reflecting  power  of  the  surface  is,  or 
how  the  reflecting  power  may  vary 
from  part  to  part.  In  particular  a 
portion  of  the  surface  may  have  zero 
r'^flecting  power,  which  is  equivalent 
to  the  removal  of  that  part  of  the  sur- 
face, and  this  portion  may  be  of  any 
shape  we  please.  In  all  these  cases 
the  increase  of  the  illumination  due 
to  the  reflection  is  the  same  for  every 
part  of  the  surface,  though  of  course 
the  amount  of  this  increase  will  depend 
on  the  particular  circumstances  of  the 
case.  The  theorem  results  from  a  more 
elementary  one  which  may  be  stated 
thus  :  Any  bright  patch  on  the  inner 
surface  of  a  sphere  illuminates  each  part 
of  the  spherical  surface  to  the  same  extent. 

Now  the  brightness  B  of  any  part  of 
the  surface  is  related  to  its  illumination, 
I,  by  a  simple  formula  involving  p  the 
reflecting  power  of  the  portion  of  the 
surface  considered.  The  formula  is  : — 
7rB=/)I- 

each  of  these  expressions  representing 
the  total  light  sent  out  by  the  surface 
per  unit  area.  If  we  denote  by  the 
suffix  zero  the  values  of  the  correspond- 
ing quantities  assuming  no  increase 
due  to  internal  reflection,  we  have  also  : 
7rB„=/5lo 

Now  by  the  above  theorem  we  know 
that  for  a  sphere  I  exceeds  Iq  by  the 
same  amount  for  every  part  of  the 
surface.    B  will  not  exceed  B,,  by  a 


constant  amount  unless  p  is  the  same 
everywhere,  but  the  excess  of  B  above 
Bq  will  always  be  proportional  to  p. 
In  the  case  of  the  Ulbricht  globe  the 
surface  is  all  of  the  same  reflecting  power 
so  that  p  is  constant,  but  it  entirely 
depends  on  the  value  of  p  whether 
we  can  regard  the  surface  as  being 
equally  bright  everywhere  or  not. 
It  is  now  well  known  that  for  a  com- 
plete enclosure  (of  any  shape)  whose 
walls  have  a  reflecting  power  p,  the 
average  actual  illumination  I  is  related 
to  the  average  initial  illumination  Iq, 
due  to  the  direct  rays  of  the  light 
sources  by  the  formula  : — 


or  I=Io+pI 
so  that  the  constant  increase  of  illu- 
mination above  referred  to  is  p  times 
the  mean  illumination.  A  similar 
formula  applies  to  B.  Now  if  p  is 
only  10  per  cent  B  is  essentially  the 
same  as  Bo,  and  varies  to  the  same 
extent,  but  if  p  is  90  per  cent,  B  is  on 
the  whole  ten  times  as  large  as  Bq,  and 
consists  of  a  small  portion  Bo,  which 
varies  from  one  part  of  the  surface  to 
another,  together  with  a  portion,  about 
nine  times  as  large,  which  is  constant. 
With  the  surfaces  actually  used  in  an 
Ulbricht  globe  the  value  of  p  is  pro- 
bably about  80  per  cent,  which  means 
that  the  constant  portion  of  B  is 
80  per  cent  of  the  average  value  of  B, 
the  rest  is  Bo  due  to  the  direct  action 
of  the  lamp's  rays,  and  varies  with 
the  candle-power  in  the  corresponding 
direction.  With  sucti  a  high  value  of 
p  the  error  of  the  measurement  yielded 
by  the  globe  is  probably  not  serious. 
But  there  would  be  a  great  error  if  p 
were  small,  and  the  photometer-window 
partially  transparent.  B  would  then 
be  simply  Bo  due  to  the  direct  rays  of 
the  light,  and  part  of  the  illumination 
at  the  photometer  would  depend  on  the 
mode  of  distribution  of  Bo  as  well  as 
on  its  average  value.  I  tried  ex- 
perimentally some  years  ago  to  arrange 
a  surface  of  white  paper  in  reference 
to  an  arc-lamp  and  a  photometer,  and 
so  to  shape  the  paper  that  the  light 
reflected  by  it  into  the  photometer 
would  be  a  measure  of  the  mean  candle- 
power  of  the  arc    This  is  possible, 
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because  the  shape  of  paper  required  is 
independent  of  the  law  of  distribution 
of  the  Ught  from  the  arc.  But,  though 
possible,  this  method  proved  incon- 
venient, and  is  not  to  be  recommended. 
All  I  need  say  about  it  here  is  that  the 
surface  required  must  intercept  rays 
inclined  at  all  angles  to  the  axis  of  the 
lamp.  This  is  not  true  of  the  patch 
of  reflecting  surface  used  with  the 
Ulbricht  globe,  for  that  part  of  the 
light  which  is  transmitted  to  the 
photometer  straight  through  the  photo- 
meter-window when  this  is  partially 
transparent.  This  globe  can  only  give 
good  results  if  p  is  large,  and  if  the 
photometer-window  is  perfectly  dif- 
fusive. 

Since  the  Ulbricht  Globe  does  not 
act  with  mathematical  accuracy, 
I  have  considered  the  simpler  case 
of  a  rectangular  box  surrounding  the 
lamp  and  lined  with  a  good  white 
reflecting  surface  such  as  white  paper, 
or  white  enamelled  iron.  Investigation 
shows  that  there  is  not  any  simple 
accurate  formula  connecting  I  with  Iq 
in  the  case  of  a  rectangular  box,  as 
there  is  in  the  case  of  a  sphere.  But 
if  the  reflecting  power  of  the  surface  is 
high  the  brightness  will  tend  to  become 
uniform  all  over  the  surface,  and  I 
find  that  whatever  the  shape  of  the  sur- 
face is  we  can  assume  as  a  first  approxi- 
mation that  the  brightness  of  the  sur- 
face is  constant  we  have  as  a  second 
approximation  : — 

I=Io+pIm  and  B=B,+pB^ 
or  for  every  portion  of  the  surface  I 
exceeds  lo  by  a  constant  amount  equal 
to  p  times  the  average  illumination, 
the  same  as  for  a  sphere.  (This  follows 
from  equations  1  and  4  of  the  paper 
already  referred  to.)  Now  this  second 
approximation  must  be  very  close 
indeed  to  the  truth  in  the  case  of  a 
nearly  cubical  enclosure  with  highly 
reflecting  surfaces,  for  it  is  a  matter  of 
common  experience  that  the  white 
surfaces  of  walls  or  ceiling  in  ordinary 
rooms,  so  far  as  the  eye  can  judge — 
and  the  eye  is  the  only  possible  judge — 
are  of  the  same  brightness  everywhere, 
however  the  lights  may  be  arranged — 
except  in  so  far  as  shadows  on  the 
walls  or  ceiling  may  be  cast  by  objects 
in  the  room  or  by  projections  from  the 


ceiling,  &c.  That  is  to  say  the  variation 
of  I  is  mainly  due  to  I^.  Moreover,  the 
equation  is  certainly  true  in  the 
average,  for  as  already  stated  the 
averages  of  I  and  Iq  must  differ  by  pl^^. 

Now  suppose  the  light  to  be  tested 
is  placed  at  the  centre  of  a  cubical 
wooden  box  whose  inner  surfaces  are 
white  and  have  a  reflecting  power  of 
about  80  per  cent.  Let  the  length  of 
each  side  be  one  yard,  and  let  the  box 
rest  on  some  horizontal  surface.  Sup- 
pose on  one  of  the  vertical  sides  a  hole 
is  cut  of  dimensions  2  in.  by  1  in., 
and  that  into  this  hole  is  fitted  one 
end  of  a  rectangular  wooden  tube 
8  in.  long,  the  other  end  being  closed 
by  one  of  a  pair  of  blocks  constituting 
a  Joly  photometer.  The  tube  is  assumed 
to  be  horizontal,  and  to  be  at  right 
angles  to  the  surface  of  the  box.  For 
the  present  we  assume  that  the  tube 
is  open  at  the  end  fitted  to  the  box, 
and  not  closed  by  a  glass  window  as 
in  the  case  of  the  Ulbricht  Globe.  The 
illumination  falling  on  the  inner  Joly 
block  can  be  balanced  by  that  due  to  a 
comparison  lamp  of  K  candle-power 
placed  at  a  distance  D  feet  from  the  outer 
block  along  the  line  of  the  tube.  When 
the  balance  is  obtained  by  adjusting 
D  we  shall  have  : — 


Where  B  is  the  mean  brightness  of  the 
surface  of  the  cube  to  which  the  tube 
is  exposed,  and  <^  is  the  solid  angle 
subtended  by  an  area  of  2  square  inches 
at  a  distance  of  8  in.,  i.e.  (/)=2/64. 
It  will  be  readily  seen  that  the  dimen- 
sions of  the  patch,  on  the  opposite 
face  of  the  cube,  effective  in  illu- 
minating the  inner  Joly  block  at  its 
centre  will  be  lOJ  in.  by  5Jin.,  and 
its  area  about  55  square  inches.  A 
short  calculation  will  show  that  the 
above  dimensions  are  suitable.  For 
suppose  the  light  within  the  cube  is 
that  of  an  arc-lamp  whose  mean  spherical 
candle-power  is  300.  The  light  in 
lumens  given  out  by  the  arc  will  be 
47r  times  300,  or  3770  lumens.  Owing 
to  the  internal  reflection  this  be 
increased  in  the  ratio  1  -  p  to  1  where 
P  is  the  reflecting  power  0.8  ;  or  the 
total  light  falling  on  the  sides  of  the 
cube  win  be  5x3770  =  18,850  lumens. 
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The  area  of  the  sides,  is  6  square  yards, 
or  54  square  feet,  so  that  the  average 
illumination  1^  in  lumens  per  square 
toot  (or  in  candle-feet)  will  be  349 
candle-feet.  The  mean  brightness  B^^ 
is  obtained  from  this  by  multiplying 
by  p  and  dividing  by  tt,  or  the  mean 
value  of  B  is  89  (in  candle-power  per 
square  foot  in  the  direction  normal  to 
the  bright  surface).  Since  4>  as  just 
shown  is  1  /32  it  follows  from  the  above 
equation  that  the  illumination  at  the 
surface  of  the  inner  Joly  block  is 
2.78  candle-feet  and  will  correspond 
with  quite  a  convenient  balancing 
distance  D  if  the  comparison  lamp  K 
has  the  candle-power  of  an  ordinary 
glow-lamp. 

To  calibrate  the  apparatus  it  will 
be  necessary  to  put  a  light  of  known 
mean  spherical  candle-power  within 
the  cube,  as  in  the  case  of  the  Ulbricht 
globe.  The  mean  candle-power  of  any 
light  used  with  the  cube  will  then  be 
inversely  proportional  to  the  square 
of  the  balancing  distance  D.  The  only 
assumption  made  is  that  the  brightness 
of  the  patch  of  surface  used  by  the 
photometer  is  always  proportional  to 
the  mean  candle-power  of  the  light 
within  the  cube.  As  already  stated  this 
assumption  is  accurate  enough  pro- 
vided the  reflecting  power  p  is  suffi- 
ciently high.  There  still  remains  the 
question  of  the  best  position  for  the 
photometer  tube.  It  should  be  so 
placed  that  it  does  not  point  to  any 
part  of  the  arc -lamp.  This  is  easily 
arranged  because  the  area  of  the 
patch  of  surface  used  is  small,  less 
than  half  a  square  foot  in  a  side  having 
an  area  of  9  square  feet.  The  part 
of  the  surface  chosen  should  not  be 
that  where  the  rays  from  the  arc  are 
strongest,  or  where  they  are  weakest. 
We  have  : — 

B-B,  +  pB^ 
where  Bq  is  always  small  compared 
with  the  total.  All  we  want  for 
perfect  accuracy  is  to  have  the  value 
of  Bo/Bni  the  same  for  the  patch  of 
Burface  chosen,  whether  we  test  a  light 
of  uneven  candle-power  like  an  arc- 
lamp,  or  calibrate  the  si)here  by  a 
light  of  fairly  uniform  candle-power 
such  as  a  Fleming  standard  glow-lamp. 
This  end  is  essentially  secured  if  we 


choose  a  portion  of  the  surface  the  direct 
illumination  of  which  due  to  an  arc- 
lamp  is  about  the  average  value  due 
to  that  lamp.  For  arc-lamp  testing 
the  photometer  tube  is  probably  best 
placed  on  the  middle  horizontal  line 
of  one  of  the  vertical  faces  of  the  box 
and  a  few  inches  in  from  one  of  the 
vertical  edges. 

As  regards  the  reflecting  surface  of 
the  wooden  box  this  can  be  simply 
secured  by  the  use  of  whitewash  or 
white  paper,  presenting  a  matt  diffusing 
surface  such  as  is  assumed  in  the  fore- 
going argument.  But  a  certain  amount 
of  regular  reflection  would  not  be  any 
disadvantage,  so  that  the  surfaces  might 
be  of  white  paint  or  white  enamelled 
iron.  It  is  easy  to  see  that  the  regularly 
reflected  rays  will,  in  the  case  of  a 
rectangular  box,  be  successively  re- 
flected at  different  parts  of  the  surface, 
and  will  tend  to  produce  the 
desired  uniform  illumination.  The 
aperture  of  the  illuminated  en- 
closure can  be  closed  by  a  diffusing 
translucent  surface  suitably  screened 
from  direct  rays,  just  as  in  the  case  of 
the  Ulbricht  globe.  Whether  the  extra 
complication  would  result  in  increased 
accuracy  can  only  be  determined  by 
thorough  testing. 

There  is  an  entirely  different  way  of 
using  a  rectangular  box  for  the  present 
purpose.  The  theory  of  this  method 
depends  simply  on  the  principle  of 
symmetry.  There  are  few  if  any  com- 
mercial forms  of  lamp  the  light  from 
which  is  not  distributed  symmetrically 
about  an  axis.  Suppose  the  rect- 
angular box  is  resting  with  two  of  its  sur- 
faces horizontal,  and  that  the  light  is 
placed  at  the  centre  of  the  box  with  its 
axis  vertical.  It  is  then  obvious  that 
there  are  four  vertical  planes  through 
the  axis,  each  of  which  divides  the 
surface  of  the  box  into  two  halves, 
and  that  on  each  of  these  halves  the 
total  light  received  is  the  same.  If 
A  B  C  D  is  a  horizontal  section  of  the 
box,  and  O  represents  the  axis,  the  four 
planes  in  question  are  represented  by 
the  two  diagonals  and  by  the  two 
central  lines  j)arallel  to  the  sides.  The 
light  received  by  the  portion  of  the 
surface  consisting  of  the  vertical  strip 
A  P,  and  the  two  horizontal  triangles 
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A  0  P  will  always  be  a  fixed  fraction 
of  the  total  light  emitted  by  the  lamp, 
and  in  the  case  of  a  box  of  square 
section  this  fraction  will  be  1/8  (l-p) 
or  5/8  if /3  is  80  per  cent.  Now  suppose 
the  box  is  formed  of  wood,  and  that 
its  internal  surfaces  are  well  white- 
washed. Suppose  the  part  of  the  box 
represented  by  AOP  is  cut  out,  and 
that  in  its  place  is  fixed  a  framework 
supporting  three  surfaces  replacing 
the  missing  portions  of  the  box.  Let 
these  surfaces  consist  of  a  substance 
transmitting  and  difl"using  light  such 
as  opal  glass  or  engineers  tracing  cloth. 
The  light  received  by  these  new  sur- 
faces will  still  be  a  fixed  fraction  of  the 
total  light  emitted  by  the  lamp,  and 
this  will  also  be  true  of  the  amount  of 
light  diffused  outwards.  All  that  re- 
mains to  do  is  to  arrange  some  suitable 
way  of  illuminating  a  photometer  by 
this  outwardly  diffused  light.  This 
object  can  be  attained  by  the  use  of 
two  good  mirrors,  one  touching  the  top 
and  the  other  the  bottom  of  the  box 
along  an  edge  parallel  to  SO.  Each 
mirror  should  be  inclined  45  degrees 
to  the  surface  of  the  box  so  as  to  reflect 
the  light  from  each  triangular  area  AOP 
along  the  line  OP.  The  photometer 
should  be  placed  along  the  line  OP 
produced,  and  from  its  position  the 
appearance  will  be  that  of  three  flat 
bright  surfaces  each  perpendicular  to 
the  line  of  the  photometer.  If  the 
box  is  a  yard  cube  the  size  of  these 
surfaces  will  be  considerable,  and  the 
photometer  distances  will  have  to  be 
large  for  accuracy.  This  will  be  no 
novelty  in  arc -lamp  testing  since  the 
intensity  of  the  light  necessitates  large 
photometer  distances-.  For  glow-lamp 
testing  the  dimensions  of  the  cube  can 
be  made  much  smaller  as  well  as  those 
of  the  rest  of  the  apparatus. 

A  little  consideration  will  show  that 
the  enclosing  box  need  not  be  shaped 
like  a  cube  as  indicated  in  the  above 
figure.  Thus,  O  might  be  the  apex  of 
a  pyramid  of  which  A  B  C  D  is  the 
rectangular  base,  this  pyramid  standing 
on  a  similar  but  inverted  pyramid  with 
its  apex  at  O'  vertically  under  0.  If 
the  light  to  be  tested  is  placed  within 
these  surfaces,  with  its  axis  along  00', 
it  follows  from  symmetry  that  the  two 


triangular  areas  AOP  and  AOT  will 
together  receive  one-eighth  part  of  the 
light.  These  surfaces  will  be  equally 
inclined  to  any  line  drawn  from  the 
centre  through  a  point  on  the  edge 
AB.  If  the  photometer  be  placed 
along  any  such  line,  if  the  areas  AOP, 
AO'P  consist  of  translucent  diffusing 
material,  and  if  the  other  areas  have 
an  inner  surface  of  high  reflecting 
power,  it  follows  from  what  has  been 
previously  said  that  the  photometer 
will  measure  the  total  output  of  the 
lamp.  No  mirrors  will  be  needed  as  in 
the  former  [case,  because  all  parts  of 
the  surface  are  equally  inclined  to  the 
photometer  line.    It|will  also  be  appa- 
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rent  that  instead  of  two  pyramids  we 
might  use  two  circular  cones  in  the 
same  way.  A  B  C  D  would  then  be 
a  circle  instead  of  a  square,  and  for 
the  translucent  part  of  the  surface  we 
could  choose  the  portion  between  any 
two  planes  through  the  axis.  This 
latter  arrangement  seems  the  simplest 
of  all. 

In  conclusion,  a  word  or  two  about 
units.  It  will  be  a  pity  if  the  Illumi- 
nating Engineering  Society  help  to  per- 
petuate the  use  of  such  a  cumbrous 
expression  as  mean  spherical  candle- 
power.  This  quantity  no  doubt  repre- 
sents the  output  of  light  from  the  source, 
but  its  value  can  only  be  obtained  by 
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first  of  all  measuring  the  output 
itself,  and  it  is  of  no  use  except 
as  a  measure  of  this  output. 
In  connexion  with  electrical  theory 
Oliver  Heaviside  has  declaimed  at  the 
irrationality  of  estimating  the  output 
of  a  source  by  the  flux  it  produces  at 
a  distance.  It  is  still  more  irrational 
when  the  source,  as  in  the  case  of  light, 
is  of  such  a  nature  that  we  have  to 
imagine  an  artificial  mathematical  con- 
cept styled  a  "  Mean  Spherical  "  flux 
existing  no  one  knows  where.  In  the 
case  of  electricity  the  rationalizing  of 
the  units  is  now  difficult  if  not  im- 
possible. The  international  units  are 
already  fixed.  In  the  case  of  light  this 
is  not  yet  the  case,  in  spite  of  all  the 
congresses  whose  deliberations  have 
left  the  subject  in  its  present  un- 
satisfactory state.  It  is  to  be 
hoped  in  the  case  of  light  that 
"  rational  "  units  will  in  the  end  be 
adopted,  and  that  the  unit  of  light  will 
refer  to  the  total  output  of  the  source, 
and  not  to  its  candle-power  in  any 
real  or  imaginary  direction. 

The  difficulties  connected  with  the 
subject  may  possibly  make  it  necessary 
to  retain,  as  a  concrete  standard  of 
light,  one  having  a  fixed  candle-power 
in  some  specified  direction,  but  it  is 

[Some  communications  from  Dr.  L.  Bloch,  ] 
above  paper,  will  be  published  in  our  next  numbe 


not  necessary  to  continue  the  use  of 
the  phrase  mean  spherical  candle-power. 
In  practice  the  makers  of  both  glow- 
lamps  and  arc-lamps  consistently  specify 
light  sources  in  terms  of  their  maximum 
candle-power.  From  this  the  total 
light  emitted  can  be  obtained  by 
multiplying  by  some  factor,  and  it  is 
this  factor  which  'is  wanted  rather  than 
the  mean  spherical  candle-power.  For 
glow-lamps  the  maximum  candle-power 
is  at  right  angles  to  the  filament,  the 
mean  candle-power  is  obtained  from 
this  maximum  by  multiplying  by  a 
number  which,  as  Prof.  Fleming  showed 
some  years  ago,  is  always  close  to  the 
theoretical  value  7r/4.  The  total  light 
in  lumens  is  got  from  this  by  multiply- 
ing by  47r,  so  that,  in  the  case  of 
glow-lamps,  the  light  in  lumens  is 
theoretically  tt^  times,  or  approximately 
ten  times,  the  maximum  candle-power. 
In  the  case  of  arc-lamps  the  light  in 
lumens  is  roughly  four  times  the  maxi- 
mum candle-power.  It  seems  desirable 
to  discard  the  expression  mean  spherical 
candle-power  and  to  specify  lights 
(1)  by  the  commercial  measure,  i.e., 
the  maximum  candle-power,  and  (2) 
by  the  "lumen-factor"  which  when 
multiplied  by  the  above  value  gives 
the  output  of  the  light  in  lumens. 

rof.  K.  Ulbricht,  and  others,  commenting  on  the 
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The  Report  of  the  National  Physical  Laboratory  for  1909.  The  report  contains 
evidence  of  further  progress.  In  the  department  of  photometry  attention  has  been 
concentrated  on  the  preparation  of  electric  sub-standards  of  1*1  and  I' 5  watts  per 
candle.  It  is  also  contemplated  that  a  set  of  electric  glow-lamps  biu-ning  at  4*5  watts 
per  candle  so  as  to  match  the  colour  of  the  j^entane  flame,  will  be  prepared.  Experi- 
ments are  also  to  be  carried  out  on  the  behaviour  of  the  Pentane  10-candle-power 
standard  in  hot  climates. 


Unsere  Beleuchtuny  in  Vergangenheit  und  Gegenwart  by  Karl  H.  Kuhn  (Hermann 
Hillger  Verlag,  13orlin-Leii)sic,  1  Mk.). 

The  Gas  Solicitor's  Handbook  and  Engineering  Data  of  the  Welsbach  System  of 
Illuminationt  compiled  by  N.  MacBeth  and  issued  by  the  Welsbach  Co.,  N.J. 

The  Engineering  Diary  (Editorial  and  Publishing  Offices,  422,  Mansion  House 
Chambers,  E.C.). 


*  To  some  of  these  publications  we  hope  to  refer  in  greater  detail  shortly. 
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The   Distribution   of  Energy   in  the   Spectra  of 
Commercial  lUuminants. 

By  W.  W.  COBLENTZ. 

The  following  is  the  conclusion  of  the  paper  kindly  presented  by  Dr.  W.  Coblentz,  of  the  Bureau  of  Standards, 
Washington,  U.S.A.,  as  a  communication  for  discussion  at  the  hands  of  ^|tc  EUvtiniltatittCJ  ^UgiUfCring 
cSociftjJ.  The  paper  is  an  exceptionally  exhaustive  one,  and  we  shall  be  glad  to  receive  any  communicated 
remarks  on  the  subject,  which  we  will  subsequently  submit  to  Dr.  Coblentz  for  final  comment.— Ed.) 

{Concluded  from  p.  261.) 


Vacuum-Tube  Spectra. 
The  spectral  energy  curves  of  the 
radiation  from  the  vacuum  tube  are  of 
interest  in  connection  with  the  Moore 
tube.  It  is  well  known  that  but  little 
heat  is  developed  in  vacuum  tubes, 
but  as  wall  be  noticed  by  the  appended 
illustrations,  there  is  sufficient  infra-red 
radiation  to  lower  the  luminous  effi- 


must  come  out  in  some  way,  and  in  the 
carbon  dioxide  (or  carbon  monoxide) 
spectrum,  Fig.  12,  the  infra-red  radia- 
tion is  confined  almost  entirely  in  the 
large  emission  band  at  4*75  /x. 

The  two  curves  represent  different  gas 
pressures.  The  emissive  properties  of 
this  band  was  found  to  behave  differ- 
ently from  the  usual  spectral  lines  in 
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Fig.  12.— Carbon  Dioxide. 


ciency.  For,  as  was  noticed  in  the 
beginning,  all  our  present  systems  of 
light  production  generate  a  large  amount 
of  infra-red  radiation  which  is  useless  in 
illumination.  Most  of  the  gases  in 
vacuum  tubes  have  spectra  not  unlike 
the  metal  arcs  in  that  they  have  strong 
emission  lines  just  within  the  infra- 
red at  -8  to  1*2 /x.    The  energy  put  in 


vacuum  tube  radiation\  Its  emis- 
sivity  was  found  to  be  proportional  to 
the  pressure  (thickness  of  radiating 
layer  and  had  the  characteristics  of  a 
pure  thermal  radiation.  On  the  other 
hand,  in  the  inert  gases  such  as  nitro- 
gen. Fig.  13  (and  helium),  the  emission 

^  Coblentz,  Publication  35,  Carnegie  Inst,  cf 
Wash.,  1905. 
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lines  are  sharp,  and  have  their  maximum 
intensity  in  the  region  of  1  /x.  The 
intensity  of  these  emission  lines  are  a 
maximum  for  a  definite  gas  pressure, 
above  which  there  is  a  decrease  in 
intensity.  In  Fig.  13  curve  h  gives  the 
energy  spectrum  of  impure  nitrogen, 
containing  carbon  dioxide.  Curve  a 
shows  the  same  after  removing  the 
carbon  dioxide.  The  characteristic 
orange-red  nitrogen  band  is  visible  at 
•66  fx.  As  in  the  preceding  illuminants, 
a  large  amount  of  infra-red  radiation 
is  produced  which  reduces  the  luminous 


couple  is  about  50°  C.  The  theoretical 
temperature  is  6,000°  C.  for  the  cathode 
glow.  The  position  of  the  most  in- 
tense emission  lines  at  '9  to  I'O  fi  [c.f. 
oxides  for  shift  of  maximum  intensity 
of  bands  with  temperature)  would  indi- 
cate a  temperature  of  3,500°  C.  to 
4,000°  C.  A  promising  temperature 
scale  based  upon  the  shift  of  the  CO2 
band  with  rise  in  temperature  may  be 
applied.  It  has  just  been  noticed  that 
the  CO2  band  shifts  towards  the  longer 
wave-lengths  with  rise  in  temperature 
being  at  4-36  /x  in  the  Hefner  lamp,  at 


2  3 

FiCt.  13.— Nitroffen. 


efficiency.  In  the  present  case  the 
luminous  efficiency  is  a  maximum  at  a 
certain  gas  pressure.  The  location  of 
the  maximum  infra-red  emissions  in 
these  two  gases  is  of  interest,  since  both 
curves  include  nearly  the  same  quantity 
of  useless  energy. 

The  question  of  the  temperature  of 
the  residual  air  particles  in  the 
vacuum  tubes  during  the  electrical 
discharge,  has  occupied  the  attention 
of  numerous  investigators.  The  mean 
temperature  as  observed  with  a  thermo 


4*4 /X  in  the  Bunsen  flame,  at  4*52 /x  in 
the  carbon  arc,  and  at  4*75  /x  in  the 
vacuum  tube  radiation.  The  tempera- 
ture of  these  flames  is  now  fairly  well 
known.  Extrapolating  from  these 
known  temperatures  to  the  one  corre- 
sponding to  the  vacuum  tube  band  at 
4-75  fi  we  obtain  6,000°  C.  to  6,500°  C. 
as  the  temperature  of  the  gas  in  the 
vacuum  tube. 

The  spark  spectra  of  metals  differ 
from  the  arc  spectra  in  that  the  intens- 
est  emission  lines  occur  in  the  ultra- 
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violet  while  no  infra-red  lines  have  yet  a  complete  shift  into  the  ultra-violet 

been  observed.    We  have,  therefore,  a  in  the  electrical  (high  potential  spark) 

remarkable  transference  of  the  maxi-  excitation. 

mum  energy  partition  from  the  deep       It  has,  of  course,  been  well  known 


f 
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Fig.  U— Spaik  Spectra  of  Metals  (after  Pfliiger). 
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infra-red  in  low  temperature  thermal  that  the  spark  between  metallic  elec- 
radiation,  down  to  a  maximum  emis-  trodes  gives  strong  emission  lines  in  the 
sion  just  within  the  infra-red  in  arc  and  ultra-violet,  as  shown  by  the  photo- 
vacuum  tube  radiation  ;    and  finally  graphic  plate  ;  but  since  the  plate  is  not 
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equally  sensitive  for  all  wave  lengths, 
no  estimation  of  the  relative  intensities 
was  possible. 

The  investigations  of  Pfliiger^  have 
therefore  supplied  a  long-felt  need. 
He  examined  the  spark  emission  spectra 
of  numerous  metals,  using  a  thermopile 
and  a  short  focus,  quartz-fluorite  spec- 
trometer. The  intensity  of  some  of 
these  lines  is  indeed  very  remarkable. 
Perhaps  this  is  true  because  we  are 
so  accustomed  to  thinking  of  the  ultra- 
violet end  of  the  spectrum  being  weak 
in  radiation.  But  in  spark  (and  arc) 
spectra  conditions  are  different  from 
the  ordinary.  When  we  stop  to  con- 
sider that  the  energy  input  is  from  a 
hundred  to  a  thousand  watts,  and  that 
this  energy  must  come  out  again  in 
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Fig.  15. 

Spectral  Energy  of  Firefly  (Ives  &  Coblentz). 


some  manner,  at  least  a  great  part  of 
it  as  radiant  energy  of  which  but  little 
is  in  the  visible  and  in  the  infra-red, 
then  it  is  not  so  surprising  to  find  it 
in  the  ultra-violet,  which  is  the  only 
remaining  region  of  the  spectrum — 
except  that  of  electrical  waves. 

In  Fig.  14  are  plotted  some  of  the 
strongest  emission  lines  of  aluminium, 
zinc,  cadmium  magnesium,  and  zinc, 
using  the  data  published  by  Pfliiger. 
The  contrast  of  this  with  the  spectral 
energy  curves  of  the  metals  given  in 
Figs.  4  and  16  is  indeed  surprising,  for 
in  neither  case  have  we  produced 
very  much  energy  which  affects  the 
eye  ;   and  the  economic  production  of 

2  Plluger.  Add.  der  Phye.  (4)  13,  p.  890, 1901. 


frequencies  affecting  the  eye  is  the 
goal  aimed  at  by  all  those  interested 
in  the  problem  of  illumination. 

We  have  thus  reviewed  radiators 
which  emit  light  with  the  accom- 
paniment of  a  great  deal  of  heat 
energy  (low  luminous  efficiency)  to 
radiators  having  little  heat  radiation 
and  consequently  high  luminous  effi- 
ciency. 

Illumination  by  fluorescent  excita- 
tion has  not  yet  been  developed,  and 
before  this  or  similar  methods  have 
arrived  we  shall  probably  know  more 
about  the  methods  employed  by  the 
firefly  whose  spectral  energy  curve  is 
given  in  Fig.  15  (Ives  and  Coblentz  ; 
Bull.  Bureau  of  Standards,  vol.  vi. 
No.  2,  1909).  The  shaded  area  repre- 
sents the  quantity  of  useful  radiation 
which  amounts  to  almost  97  per  cent. 


•5      1-0      1-5      2  0      2-5      3-0      3-5      4  0  4-5/i 

Fig.  16. 

Luminous  efficiency  of  Flashed  Cnrbo'^. 


The  Measurement  of  Luminous 
Efficiency. 

In  discussing  the  foregoing  spectral 
energy  curves  the  luminous  efficiency 
was  estimated  by  comparing  the  spectral 
energy  affecting  the  eye  with  the  total 
energy  radiated.  In  theory  this  would 
seem  to  be  a  very  satisfactory  pro- 
cedure ;  but  the  practical  application 
is  far  from  satisfactory,  and  can  lead 
to  only  approximate  results.  The  num- 
ber of  papers  on  this  subject  is  too 
numerous  to  mention.  Some  experi- 
menters have  observed  the  spectral 
energy  curves  and  have  taken  the 
ratio  of  the  integral  part  of  the  curve 
lying  in  the  "  visible "  part  of  the 
spectrum  to  the  integral  of  the  whole 
spectral  energy  curve  (in  practice 
observaticms  extend  to  only  10  or  12  /x) 
and  have  called  this  the  luminous 
efficiency  of  the  light  source.  Others 
have  multiplied  the  spectral  energy 
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curve  in  the  visible  spectrum  by  the 
sensibiUty  of  the  eye.  This  gives  the 
shaded  areas  in  Figs.  15  and  16  (data 
from  Ives  and  Coblentz).*  The  latter 
gives  the  spectral  energy  distribution 
of  a  4  w.p.m.s.c.  treated  carbon  fila- 
ment in  which  the  luminous  efficiency 
is  only  about  0*4  per  cent  of  the 
energy  which  passes  through  the  glass 
bulb.  This  value  would  be  still  lower 
provided  a  correction  were  applied 
for  the  absorption  of  the  glass  walls, 
which  amount  to  10  or  15  per  cent., 
depending  upon  the  thickness  of  the 
glass.  This  is  the  most  satisfactory 
of  all  the  radiation  methods  that  have 
been  applied.  The  recent  work  by 
Fery,  Lux,  Voege,  and  others,  is  of 
interest,  but  is  far  less  trustworthy. 
They  measured  the  radiation  which  was 
transmitted  through  solution  having  a 
transmission  band  corresponding  closely 
with  the  sensibility  curve  of  the  eye. 
They  measured  also  the  total  radia- 
tion transmitted  by  the  glass  bulb. 
These  ratios  cannot  be  very  accurate, 
since  no  account  is  taken  of  the  variable 

*  Bxdl.  Bureau  of  Standards,  vol.  vi.  No.  2, 
1909. 


absorption  of  the  glass  bulb.  Moreover, 
it  is  not  fair  to  compare  such  observa- 
tions on  glow  lamps  with  similar  obser- 
vations on  candle  flames  in  which  the 
glass  chimney  has  been  removed,  because 
as  was  shown  in  Fig.  9,  a  very  con- 
siderable amount  of  energy  is  radiated 
in  the  CO,,  band  at  4*4  /x.  Such 
measurements  may  be  very  misleading 
as  will  be  noticed  in  the  arc  and  spark 
spectra  of  metals,  e.g.,  copper  arc  in 
which  infra-red  radiation  is  extremely 
small.  On  the  basis  of  the  ratio  of  the 
visible  to  total  radiation  the  luminous 
efficiency  would  be  very  high,  because 
no  account  is  taken  of  the  other  energy 
losses. 

The  suggestion  that  the  consumer 
pays  for  his  lighting  on  the  basis  of  the 
total  radiant  energy  output  does  seem 
practical,  because  of  the  impossibility 
of  accurately  accounting  for  all  the 
energy  losses,  and  it  appears  quite 
certain  that  the  consumer  will  continue 
a  while  longer  to  pay  for  what  he 
obtains  in  energy  input,  which  is  not 
difficult  to  determine. 

Washington,  D.C., 

Nov.  10,  1909. 


Town  Planning. 


A  COMBINED  meeting  of  the  Junior 
Institution  of  Engineers  and  of  the 
Architectural  Association  Debating 
Society  recently  took  place  at  the 
rooms  of  the  Architectural  Associa- 
tion, Tufton  Street,  Westminster,  for 
the  consideration  of  the  subject  of 
'  Town  Planning,'  the  architect's  point 
of  view  being  represented  in  a  paper  by 
Mr.  Stanley  Hamp,  and  the  engineer's 
in  one  by  Mr.  Frank  R.  Durham.  The 
importance  of  comprehensive  and 
orderly  planning,  and  the  necessity  of 
provision  for  development  was  urged 
by  Mr.  Hamp,  in  illustration  of  which 
reference  was  made  to  Paris,  Germany, 
and  America.  The  limitation  of  town 
areas,  open  spaces,  and  grouping  of 
buildings  were  dealt  with,  and  the 
difficulties  due  to  various  circumstances 
in  regard  to  the  character  and  height 
of  buildings  to  be  erected  were  touched 


upon,  the  value  of  forecourts  in  any 
scheme,  and  the  position  of  public 
buildings,  traffic  problems,  &c.,  were 
discussed.  Mr.  Durham  showed  how 
essential  it  was  that  the  architect  and 
engineer  should  co-operate,  and  made 
reference  to  the  pioneer  and  later  work 
in  Germany,  Austria,  &c.,  carried  out 
by  Mr.  W.  Lindley,  including  the  re- 
building of  the  city  of  Hamburg.  The 
aesthetic,  hygienic,  social,  and  eco- 
nomical principles  involved  in  the 
question  were  reviewed,  and  the  author 
showed  that  the  sewerage  system  was  a 
determining  factor  in  designing  main 
arteries,  the  Housing  and  Town 
Planning  Act  of  course  receiving 
notice. 

A  discussion  followed  the  reading 
of  the  papers,  and  a  vote  of  thanks 
to  the  authors  brought  the  proceedings 
to  a  close, 
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The  Legal  Aspects  of 

A  MEETING  was  held  at  the  Holborn 
Restaurant,  London,  on  Monday,  April 
4th,  for  the  purpose  of  considering  the 
legal  position  of  traders  whose  windows 
caused  crowds  to  collect  on  the  pave- 
ment.   Mr.  Carl  Hentschel  presided. 

Mr.  Toye  Vise,  a  member  of  the 
committee,  explained  that  the  meeting 
really  had  its  origin  in  the  attitude  taken 
by  the  police  authorities  regarding  a 
recent  display  at  Swan  &  Edgar's. 
The  effect  had  been  to  cause  a  crowd 
to  collect.  Under  present  conditions 
any  attempt  of  shopkeepers  to  strive 
after  novelties  and  effective  display 
in  their  windows  was  penalized,  because 
they  were  liable  to  prosecution  in  the 
event  of  this  leading  to  a  crowd. 

The  chairman  narrated  the  circum- 
stances, contending  that  the  law  as  it 
stood  seemed  to  be  unequal.  Theatres 
were  allowed  to  create  crowds  which 
were  kept  in  control  by  the  police,  and 
newspapers  were  allowed  to  exhibit 
election  figures  which  had  the  same 
result  of  causing  people  to  assemble. 
But  a  shop-keeper  or  restaurant-keeper 
was  debarred  from  taking  steps  to 
make  his  window  attractive,  though 
traders  were  quite  willing  to  pay  for 
police  supervision  if  it  were  needed. 

Mr.  Conly,  on  behalf  of  the  legal 
adviser  to  the  committee,  suggested 
that  a  deputation  should  be  appointed 
to  wait  upon  the  Commissioners  of 
the  Metropolitan  and  City  Police, 
regarding  the  matter. 

The  following  resolution  was  then 
proposed  by  Mr.  North  White,  seconded 
by  Mr.  H.  Simonis,  and  adopted  : — 
That  this  meeting  expresses  strong 
dissatisfaction  with  the  state  of  the 
law  or  practice  of  the  police,  the 
effect  of  which  is  to  penalize  the 
trader  who  shows  enterprise  in  taking 
legitimate  advantage  of  the  oppor- 
tunity for  effective  advertisement  of 
his  goods  in  making  his  shop  windows 
especially  attractive,  as  exemplified 


Shop  Window  Displays. 

by  recent  prosecutions  of  traders  in 
London  and  elsewhere. 
Subsequently  the  following  resolution 
was  put  by  Mr.  J.  P.  Hunt  and  seconded 
by  Mr.  L.  Gaster  :— 

That  a  deputation  be  appointed 
from  this  meeting  to  wait  upon  the 
Commissioners  of  the  Metropolitan 
and  City  Police  respectively,  with  a 
view  to  securing  that  authority  shall 
be  given  for  police  assistance  to  be 
afforded  to  traders  when  necessary 
in  the  regulation  of  crowds  assembling 
outside  business  premises,  and  to 
obtaining   guidance    as    to  within 
what  limits  or  under  what  conditions 
window    displays    may    be  made 
especially  attractive. 
Mr.  L.  Gaster  said  he  spoke  as  one 
interested  in  shop  lighting,  which,  he 
pointed  out,  was  a  powerful  means  of 
calling  attention  to  a  shop  window, 
and  thus  causing  a  crowd  to  collect. 
Nowadays  the  lighting  arrangements 
of  a  window  were  very  important. 

He  therefore  thought  that  it  was 
necessary  to  make  a  distinction  between 
light  wisely  used  and  light  which 
constituted  a  nuisance.  A  shop-keeper 
acted  quite  naturally  and  legitimately 
in  using  his  lights  to  show  off  his  wares, 
but  powerful  and  brilliant  unshaded 
lamps,  hung  low  down,  acted  as  a 
menace  to  traffic  on  account  of  their 
dazzling  effect.  In  such  cases  he  thought 
the  police  were  acting  fairly  in  restrict- 
ing the  abuse  of  light. 

On  the  other  hand  it  did  seem  to  him 
just  that  the  trader  who  merely  wished 
to  make  his  window  attractive  should 
receive  consideration.  From  a  wide 
experience  of  European  countries  he 
could  assure  those  present  that  the 
police  in  this  country  were  exception- 
ally forbearing  and  reasonable.  He 
felt  sure,  therefore,  that  they  would 
be  willing  to  consider  the  claims  of 
shopmen  in  this  respect,  and  hoped 
that  the  deputation  might  be  beneficial 
in  making  the  pcsition  clearer. 
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Factory 

On  Saturday,  April  2nd,  a  paper  on 
'  Illuminating  Engineering  as  Applied 
to  Factory  Lighting,'  was  delivered  by 
Mr.  L.  Gaster  before  the  London 
Association  of  Foreman  Engineers  and 
Draughtsmen,  the  President,  Mr.  J. 
Harrington,  being  in  the  chair. 

In  opening  his  remarks  Mr.  Gaster 
explained  that  factory  lighting  was  a 
big  question,  and  that  he  only  desired 
to  make  a  few  suggestions  and  to  em- 
phasize the  importance  of  the  subject. 
Time  was  not  yet  ripe  for  definite 
recommendations.  However,  from  a 
practical  standpoint  there  could  be  no 
doubt  that  it  was  very  essential  that 
the  method  of  illumination  should  be 
very  carefully  chosen,  because  the  cost 
of  good  lighting  was  usually  small  in 
comparison  with  the  improvements 
in  quality  and  output  of  work  that 
would  result.  It  had  been  found  that  a 
majority  of  mistakes  and  accidents  in 
factories  took  place  after  4  p.m.,  when 
the  daylight  illumination  has  begun  to 
fail  and  to  be  replaced  by  artificial 
light.  Illumination  was  obviously 
specially  important  in  cases  in  which 
accurate  work  was  necessary.  In  this 
connexion  Mr.  Gaster  referred  to  the 
story  of  Sir  Joseph  Whitworth  who 
related  how,  in  his  boyhood  days,  the 
test  for  accuracy  in  fitting  the  piston  of 
a  steam  engine  to  its  cylinder  was  to 
drop  a  shilling  piece  in  and  rattle  it 
round  ;  if  the  coin  did  not  fall  down 
between  the  piston  in  the  cylinder  the 
job  was  considered  a  "  fit."  In  those 
days  illumination  was  very  dim,  and 
the  marvellous  accuracy  of  to-day 
might  have  been  impossible  for  this 
reason  alone. 

Bad  lighting,  again,  led  to  the  accu- 
mulation of  dirt,  and  meant  that 
machinery  was  badly  looked  after  and 
neglected.  In  addition,  workmen  in 
gloomy,  badly  lighted  surroundings 
were  naturally  inclined  to  suffer  in 
health  ;  the  report  of  the  Chief  In- 
spector of  Factories  for  the  last  year 


Lighting. 

had  contained  special  reference  to  this 
subject. 

Mr.  Gaster  then  inquired  what  con- 
stituted good  illumination  in  factories  ? 
He  alluded  to  the  need  for  sufficient 
light,  and  the  importance  of  avoiding 
anything  in  the  nature  of  glare.  A 
common  source  of  glare  was  light 
reflected  from  shiny  surfaces  into  the 
eyes  of  the  workmen.  Flickering,  shaky 
lights  were  also  very  trying.  For 
this  reason,  he  pointed  out,  it  was 
often  inadvisable  to  use  a  few  power- 
ful lights  at  intervals  in  shops  with  a 
great  deal  of  belting  and  revolving 
machinery,  as  these  might  give  rise  to 
irritating  moving  shadows.  Local 
lighting  with  small  units  helped  to 
mitigate  this  difficulty. 

Mr.  Gaster  gave  a  summary  of  some  of 
the  relative  merits  of  inverted  lighting, 
powerful  lights  hung  high  up  at 
intervals,  and  local  shaded  lights. 
He  then  proceeded  to  show  a  series  of 
lantern  slides,  showing  factory  lighting 
by  "  Excello  "  flame  arcs,  Keith  incan- 
descent gas  lighting,  oil  lamps  of  the 
Kitson  type,  and  other  illuminants. 
Several  slides  also  showed  the  use 
of  the  Imperial  acetylene  outfits 
for  lighting  in  emergencies,  and  in 
places  where  gas  and  electricity  were 
not  available.  Mr.  Gaster  added  that 
in  his  opinion  it  was  useless  to  try  to 
lay  down  figures  of  cost  which  could 
be  utilized  for  all  purposes.  In  reality 
each  case  had  to  be  considered  on  its 
merits. 

When  the  discussion  had  been  opened 
Mr.  G.  Watkinson  gave  some  of  his 
experiences  in  connexion  with  lighting 
by  means  of  high  power  units  at 
intervals.  This  he  considered  less  satis- 
factory than  smaller  local  units.  For 
example,  the  delicate  operations  in 
connexion  with  the  manufacture  of 
steel  nibs  were  best  done  by  the  light 
of  a  candle  provided  with  a  proper 
screen.  Again  the  use  of  powerful 
lights  was  often  inefficient  because  it 
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meant  that  the  whole  room  had  to  be 
lighted  for  the  benefit  of  a  single  person. 
The  speaker  added  that  he  was  not 
quite  certain  that  accidents  occurred 
after  4  o'clock  as  stated.  In  his 
experience  they  had  been  found  to 
occur  chiefly  very  early  in  the  day, 
before  the  workmen  had  settled  down 
to  their  work. 

An  interesting  illustration  of  the 
value  of  light  was  its  effect  in  reducing 
crime.  In  Paris  the  authorities  had 
found  that  whenever  a  street  had  a 
particularly  bad  reputation  it  could 
be  improved  by  installing  a  few 
powerful  lights. 

Mr.  G.  W.  Knight  admitted  that  in 
considering  the  cost  of  lighting  each 
case  had  to  be  considered  on  its  merits. 

It  depended  on  how  a  particular 
illuminant  was  utilized  whether  one 
got  the  best  out  of  it.  He  had  experi- 
mented with  many  systems  of  lighting, 
and  found  he  had  still  many  difficulties 
to  overcome.  He  confirmed  the  sugges- 
tion that  accidents  tended  to  occur 
after  4  o'clock,  especially  in  the 
twilight. 

Mr.  Jenkinson  said  that  the  man 
who  declared  that  gas  or  electric  light 
was  invariably  the  best  was  making 
a  mistake.  It  was  impossible  to  state, 
without  knowing  the  exact  circum- 
stances of  the  case,  which  would  answer 
best.  The  study  of  illumination  was  a 
very  complicated  one,  and  it  was  im- 
possible for  one  man  to  do  his  own 
work,  and  also  to  know  how  to 
use  light.    Therefore  he  welcomed  the 


suggestion  of  the  need  for  an  illuminat- 
ing engineer. 

He,  in  his  own  work,  had  been  im- 
pressed with  the  value  of  small  units, 
both  on  account  of  cheapness  and 
evenness  of  illumination.  One  result 
of  using  a  few  big  and  brilliant  lights 
was  that  anybody  working  in  the  room 
was  sure  sometimes  to  look  straight 
at  one  of  them  and  become  dazzled 
when  doing  so. 

In  conclusion,  Mr.  Jenkinson  referred 
to  some  experiences  in  a  bank  which 
illustrated  how  people  came  to  expect 
a  higher  standard  of  illumination.  In 
this  case  a  man  who  was  short  sighted, 
had  asked  for  and  obtained  a  special 
bright  light  over  his  desk.  The  result 
was  that  all  the  other  clerks  clamoured 
for  the  same  conditions. 

Mr.  W.  Smith,  Mr.  W.  Bamford,  and 
Mr.  J.  Thomson  also  spoke,  the  latter 
pointed  out  that  in  factory  lighting 
expense  was  the  chief  item.  For  his 
part  he  thought  that  an  ideal  system 
of  illumination  ought  to  resemble 
daylight,  and  therefore  he  favoured  the 
inverted  system,  especially  in  drawing 
offices,  as  it  was  impossible  for  a  man 
to  get  dazzled  by  looking  at  the  source 
under  these  conditions. 

At  the  conclusion  of  the  meeting  a 
vote  of  thanks  was  proposed  to  the 
lecturer,  and  many  of  those  present 
before  parting,  expressed  their  convic- 
tion that  there  was  a  great  deal  more 
worthy  of  study  in  connexion  with 
factory  lighting  than  they  had  pre- 
viously supposed. 


Some  Examples  of 

The  four  illustrations  on  pages  337 
and  339  are  similar  to  some  of  those 
shown  at  the  meeting  referred  to 
above. 

Figs  1  and  2  are  made  from  photo- 
graphs kindly  lent  to  us  by  Messrs. 
Keith  &  Blackman,  and  represent 
installations  of  the  Keith  high-pressure 
system  to  which  reference  has  i)re- 
viously  been  made  in  this  journal. 
The  system,  it  will  be  recalled,  utilises 


Factory  Lighting. 

a  pressure  of  about  54  ins.,  and  this,  in 
conjunction  with  the  pre-heating 
arrangement,  is  claimed  to  enable 
an  efficiency  of  60  candle-power  (hori- 
zontal) per  cubic  foot  of  gas  consumed 
to  be  obtained  ;  this  candle-power  is 
measured  from  the  mantle  alone  without 
the  aid  of  any  reflector.  The  use  of  the 
pre-heating  in  this  connection  is  in- 
teresting. Some  authorities  have  con- 
tended that  with  low-pressure  inverted 
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burners  it  is  undesirable,  and  leads  to  a 
tendency  to  light  back.  When  high 
pressure  is  available,  however,  this 
difficalty  is  not  experienced  in  the  same 
way,  and  the  advantages  of  the  method 
are  secured. 

Figs.  1  and  2  illustrate  the  two  chief 
methods  of  illumination  used  in 
factory  lighting,  namely,  powerful 
sources  placed  high  up  when  it  is 
desired  to  produce  a  good  general 
illumination,  and  smaller  units  at 
intervals  such  as  are  employed  when 
it  is  not  necessary  to  flood  the  whole 
room  with  light  and  only  a  good  local 
illumination  is  needed.  The  stone- 
mason's yard  in  Fig.  1  naturally  calls 
for  conditions  of  illumination  of  the 
former  kind.  It  might  have  been 
supposed  that  the  amount  of  dust  from 
the  stone  would  have  given  trouble. 
It  is  stated,  however,  that  the  dust 
being  of  a  heavy  character,  is  not  readily 
sucked  into  the  burner,  in  the  same 
way  as  that  in  a  flour  mill,  for  example. 
Even  in  the  case  of  flour-mills,  the 
difliculty  is  experienced  less  with  high 
pressure  because  the  velocity  of  gas 
prevents  a  tendency  to  choke  up  the 
burner  and  the  particles  of  flour  are 
carried  through  and  driven  into  the 
mantle.  Presumably  under  such  con- 
ditions  the   wear   and   tear   of  the 


mantles  would,  however,  be  somewhat 
increased. 

Fig.  2  shows  a  compositors'  room 
equipped  with  local  100-candle-power 
inverted  lights.  In  this  case  what  is 
wanted  is  to  produce  a  powerful 
illumination  over  the  compositor's 
desk  and  an  inverted  mantle,  equipped 
with  a  suitable  reflector,  is  distinctly 
advantageous  by  throwing  the  light 
dowTiwards. 

The  other  two  illustrations  represent- 
ing installations  of  Excello  arc  lamps, 
are  reproduced  by  the  courtesy  of  the. 
Union  Electric  Co.,  Ltd.,  Fig.  I 
shows  the  illumination  of  a  large 
engine  room  by  flame  arc  lamps  placed 
high  up.  This,  again,  is  a  case  in  which 
it  is  presumably  desired  to  flood  the 
entire  floor  area  with  light.  A  power- 
ful downward  illumination  yielded 
by  flame  arcs  with  inclined  carbons  is, 
therefore,  advantageous,  and  the  lamps 
being  placed  high  up  out  of  range  of 
view,  are  not  likely  to  interfere  with 
the  eyes  of  the  workers  below.  The 
last  illustrations.  Fig.  4,  again,  refers 
to  a  compositors'  room  in  the  printing 
works.  It  will  be  seen  that  the  treat- 
ment is  distinctly  different  from  that 
employed  in  Fig.  2.  Inverted  Excello 
arc  lamps  are  here  used,  a  strong 
general  illumination,  coupled  with 
absence  of  glare  being  chiefly  aimed  at. 


Some  Notes  on  the  Illumination  of  a  Weaving  Room. 

By  L.  B.  Marks. 


We  have  received  from  Mr.  Marks  a 
reprint  of  his  recent  article  in  The 
Illuminating  Engineer  of  New  York, 
in  which  some  of  the  chief  points  to 
be  observed  in  factory  lighting  are 
admirably  brought  out.  Mr.  Marks 
describes  the  improved  illumination 
of  certain  mills  in  the  United  States 
where  silks,  velvets,  worsteds,  &c.,  are 
manufactured.  The  proprietors  were 
considering  the  illumination  of  a  newly- 
built  mill  and  contemplated  adopting 


a  system  of  lighting  similar  to  that 
employed  in  the  old  one. 

The  lighting  in  that  case  was  of  a 
strictly  localised  character,  and  it  was 
objectionable  in  several  respects.  For 
example,  many  of  the  reflectors  were 
too  shallow,  thus  exposing  the  eyes  of 
operators  to  the  unshaded  filaments. 
In  addition,  too  much  illumination  was 
provided  in  some  quarters  and  too  little 
in  others,  while  the  condition  of  the 
lamps,  reflectors,  and  globes  was  very 
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unsatisfactory  ;  many  of  the  reflectors, 
for  example,  Avere  badly  tarnished 
and  thickly  covered  with  dust. 
Eventually  the  owners  of  the  mill  were 
persuaded  to  adopt  a  modified  system 
involving  a  combination  of  general 
illumination  with  local  Hghts.  Although 
the  new  method  would  consume  more 
power,  they  were  brought  to  see  that 
the  improved  illumination  would  render 
the  change  economical  in  the  long  run. 

One  characteristic  of  the  old  system 
of  drop  lamps  was  that  the  illumination, 
even  over  the  working  surfaces  of  a 
single  loom,  varied  enormously,  being 
100  times  the  value  at  one  end  than  it 
was  at  the  other — and  this  within  a 
working  space  of  only  6  ft.  An  interest- 
ing contrast  existed  between  these  con- 
ditions and  those  prevailing  in  daylight. 
In  the  latter  case  the  diffusion  of 
illumination  was  very  good,  and  it  was 


found  that  the  minimum  intensity 
sufficient  for  the  work  was  slightly 
over  3  foot-candles.  Now  when  the 
artificial  lighting  of  the  looms  was 
examined  it  was  found  that  at  distances 
of  more  than  3  ft.  from  the  local  lights 
the  intensity  of  illumination  fell  away 
to  about  one  sixteenth  of  the  above 
minimum.  In  addition  the  arrange- 
ment of  local  concentrated  lights  was 
such  that  the  strong  glare  reflected  from 
the  bright  surface  of  the  machines  was 
very  trying. 

According  to  the  new  system  of 
lighting  introduced,  however,  the  mini- 
mum intensity  of  the  artificial  illumina- 
tion on  the  working  portion  of  the  loom 
full}/  exceeded  the  minimum  prescribed. 
In  addition,  the  reflecting  value  of  the 
white  ceilings  and  the  walls  is  utilised 
much  more  effectually  than  was  the 
case  Avith  the  old  conditions. 


The  Eyesight  of  School  Children. 


In  a  recent  number  of  ScJiool  Hygiene 
some  figures  are  given,  regarding  the 
eyesight  of  school  children  in  Germany, 
which  are  taken  from  the  most  recent 
report  on  School  Medical  Inspection 
in  Berlin  for  1909. 

In  the  very  first  issue  of  The  Illu- 
minating Engineer  figures  were  quoted 
from  a  large  number  of  sources  showing 
that  defects  in  eyesight  tend  to  increase 
steadily  throughout  school  life.*  The 
figures  of  Dr.  Meyer  here  referred  to  are 
of  the  same  effect,  the  proportion  of 
children  suffering  from  defects  being, 
in  the  highest  classes,  double  that  in 
the  lower  classes.  In  this  connexion 
he  says  :  "  although  a  not  incon- 
siderable percentage  of  children  come 
into  school  with  inherited  defects 
(chiefly  myopia  and  stigmatism),  and 
although  other  factors  partly  account 
for  the  great  increase,  it  is,  nevertheless, 
quite  certain  that  the  school  is  itself 
resi^onsible  for  a  large  proportion  of  the 

*  The  Illuminating  Engineer,  Lond.,  vol.  1, 
vm,  p.  58. 


increase,  as  has  been  demonstrated 
some  long  time  by  repeated  observa- 
tions. One  must  ever  re-insist  upon  the 
questions  of  lighting,  overwork,  writing 
posture,  and  desks." 

We  note  that  another  article  by  Mr. 
Robert  «Iones  in  the  same  journal  draws 
attention  to  the  desirability  of  avoiding 
basement  premises  for  schools.  He 
mentions  one  case  in  which  subterranean 
instruction  in  hygiene  took  place  in  a 
school,  a  portion  of  which  lay  four  or  five 
feet  underground  ;  and  this,  he  says, 
"  was  thoughtfully  reserved  for  the 
infants,  and  the  teachers  in  this  de- 
partment had  a  tendency  to  become 
bleached."  It  was  only  with  difficulty 
that  a  moderately  pure  atmosphere 
could  be  maintained.  The  author  draws 
attention  to  the  anomaly  of  teaching 
hygiene  under  these  circumstances  ; 
in  this  connexion  the  author  states  that 
he  has  known  the  best  equipped  gym- 
nasium in  this  country  to  be  night 
after  night  suffocating  with  hot  breath 
and  gas-heated  air. 
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The  Lighting  of  the  New  South  Kensington  Museum, 

By  an  Engineering  Correspondent. 


The  lighting  of  museums  and  galleries 
intended  for  the  display  of  objects  to 
students  and  the  general  public  is 
always  a  matter  demanding  careful 
consideration.  Fortunately,  as  the 
work  is  one  undertaken  by  either  local 
or  national  governing  bodies,  it  is 
one  in  which  cost,  both  of  installation 
and  upkeep,  is  but  a  secondary  con- 
sideration. At  the  same  time  the 
substitution  of  one  or  more  unwieldy 
departments  for  a  single  authoritative 
organizer  is  not  infrequently  attended 
with  very  objectionable  consequences. 

As  with  the  immortal  page-boy 
in  the  palace,  whose  kicks  and  orders 
were  passed  down  from  royalty  itself 
through  ever  diminishing  degress  of 
rank,  and  who,  having  none  below 
him  but  the  cat,  must  needs  bear  the  one 
and  execute  the  other,  so  praise  and 
blame  may  at  times  be  unjustly  given, 
and  are  at  all  times  difficult  to  appor- 
tion. 

A  scheme  of  lighting  originally  pre- 
pared by  some  sub-assistant-engineer, 
from  plans  which  indeed  may  show 
the  areas  and  proportions  of  rooms, 
but  which  give  little  indication  of 
the  purposes  for  which  those  rooms 
are  to  be  used,  may  be  altered  by  a 
superior  with  a  less  intimate  know- 
ledge of  the  requirements,  may  be 
further  altered  by  an  architect  who 
considers  the  positions  chosen  for  the 
lights  interfere  with  some  artistic 
feature  of  his  structure,  and  may  be 
further  mutilated,  or,  on  the  other  hand, 
may  be  accepted  without  question, 
by  some  official  of  the  department  for 
which  the  building  is  to  be  erected  who 
is  quite  unqualified  to  criticise  so 
technical  a  matter.  Some  dozen 
officials  in  divers  departments  having 
signified  their  approval  and  the 
Treasury  having  consented  to  the 
expenditure  of  the  money,  tenders  can 
be  invited  and  the  work  commenced. 
To  depart  from  a  scheme  so  approved 


is  henceforth  almost  a  crime.  It  is 
approved  in  writing  :  who  dare  alter 
it  ?  Assume  for  a  moment  that  in 
the  course  of  carrying  out  the  installa- 
tion some  possible  improvement 
presents  itself  to  those  in  charge 
of  the  work.  It  is  no  longer  possible 
to  effect  this  by  a  simple  consultation 
between  the  architect,  the  engineer, 
and  the  future  occupiers,  but  the 
matter  must  be  put  in  writing  and 
sent  the  whole  round,  for  man  by  man 
to  write  remarks  on  and  initial  before 
returning  it  by  the  same  round  to  its 
starting  point.  The  delay  at  the  best 
must  be  serious,  but  how  much  more 
so  it  may  become  is  evident  when 
it  is  remembered  that  the  absence  of 
any  one  man  may  hold  up  the  matter 
for  days  or  weeks,  and  the  more 
responsible  a  man's  position  is  the 
longer  are  his  holidays  and  the  less 
willing  are  others  to  touch  his  work 
during  his  absence.  Owing  to  this 
degree  of  inertia  in  large  Government 
Departments,  it  is  probable  that  im- 
provements are  not  always  adopted  as 
readily  as  might  otherwise  be  the 
case. 

Further  defects  which  appear  to  be 
due  to  lack  of  foresight  may  frequently 
be  traced  to  changed  plans,  and  these 
again  to  changing  personalities, 
especially  in  the  case  of  buildings 
which  have  taken  years  to  construct. 

It  is  necessary  to  bear  these  points  in 
mind  in  considering  the  illumination 
of  the  new  portion  of  the  Victoria  and 
Albert  Museum  at  South  Kensington, 
which  was  opened  by  His  Majesty  in 
June  of  last  year,  10  years  after  the 
laying  of  the  foundation  stone  by 
Queen  Victoria.  It  is  not  proposed 
in  the  present  instance  to  discuss  how 
far  the  objects  are  successfully  dis- 
played by  day,  except  in  so  far  as  that 
may  be  necessary  for  comparison 
with  the  electric  lighting. 

It  is  to  be  expected  that,  in  so 
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important  a  national  collection,  every 
care  should  have  been  taken  to  provide 
the  best  and  most  suitable  lighting 
and  to  make  this  an  example  of  all  that 
is  best  and  most  up-to-date  from  the 
point  of  view  of  the  illuminating 
engineer. 

For  the  information  of  those  who  have 
had  no  opportunity  of  inspecting  this 
building,  it  may  be  said  that  the 
galleries  to  be  dealt  with  can  be  divided 
roughly  into  : 

(1)  Large  Courts,  usually  50  ft. 
wide  and  about  the  same  in  height,  but 
of  various  lengths,  which,  in  the  day- 
time, are  lighted  from  the  roof. 

(2)  30  ft.  galleries  of  various  lengths, 
from  16  to  20  ft.  in  height,  and  (with 
the  exception  of  the  top  floor,  which 


wasteful,  but  this  is  not  the  experience 
at  the  neighbouring  National  History 
Museum,  where  the  bird-gallery  has  been 
lighted  in  this  way,  not  brilliantly, 
perhaps,  but  quite  sufficiently  and  far 
better  than  by  daylight,  at  an  expendi- 
ture of  current  which  compares  very 
favourably  with  the  figures  given  below 
for  direct  hghting  at  the  Victoria  and 
Albert  Museum. 

During  the  hours  of  daylight  the 
objects  are,  as  a  rule,  well  displayed 
even  when  it  is  found  necessary  to 
draw  sun-blinds  across  certain  windows 
to  protect  the  more  perishable  colours 
in  the  textile  exhibits.  This  is,  un- 
fortunately, not  always  the  case  in 
buildings  of  such  substantial  con- 
struction.   The  object  of  the  lighting 


Route  followed 


MAIN  ENTRANCE, 
CROMW  ELL  ROAD. 


Fig.  1,  showing  Portion  of  Museum  Visited. 


has  a  glass  roof)  lighted  in  the  day- 
time from  windows  along  one  side 
only  of  the  gallery. 

There  are,  in  addition,  a  circular, 
or  rather  octagonal,  court,  upwards  of 
110  ft.  in  diameter,  covered  by  a  glass 
roof  some  60  ft.  or  more  from  the 
ground,  and  sundry  smaller  corridors 
and  pavilions. 

The  most  obvious  method  of  treating 
such  galleries  electrically  is  to  use 
arc-lamps  of  a  fair  size  in  the  large 
courts  and  either  incandescents  or  small 
arc-lamps  in  the  smaller  galleries  :  and 
this  is  the  system  which  has  been 
adopted.  The  alternative  of  using 
large  inverted  arc  -  lamps  for  the 
smaller  galleries  is  usually  considered 


engineer  should  have  been  to  maintain 
as  far  as  possible  a  similar  illumination 
after  nightfall  without  undue  ex- 
travagance. Let  us  consider,  therefore, 
how  far  this  object  has  been  attained. 

Arriving  in  the  Central  Hall  from  the 
main  entrance  under  the  tower,  the 
chief  of  the  large  courts,  over  600  ft. 
from  end  to  end,  lies  right  and  left 
of  the  visitor.  The  section  to  the  right, 
known  as  the  East  Hall,  is  (if  we  omit 
the  apse  which  is  now  filled  by  an  old 
Italian  Chapel  and  which  has  received 
special  treatment),  230  ft.  long  by  50  ft. 
})road,  and,  as  the  artificial  light  is 
supplied  by  28  arc-lamps  hanging  in 
two  rows,  each  lamp  illuminates  about 
410  square  feet  of  floor  space.  The 
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lamps,  in  common  with  those  used 
throughout     the     large    courts,  are 
8-ampere  enclosed  ones,  burning  two 
in  series  on  a  200- volt  continuous - 
current  circuit  and  hanging  at  about 
20  ft.  from  the  ground.    The  objects 
in  this  court  are  mainly  big  architec- 
tural  ones,   with,   at   present,  large 
intervening  spaces   giving  a  general 
impression  of  emptiness,   which  will 
doubtless  vanish  as  further  objects  are 
arranged.    Moreover,  the  walls  being 
distempered   almost   white,    a  great 
amount   of  light   is   economised  by 
reflection  which  may  not  be  the  case 
when  the  final  decoration  of  the  building 
is   undertaken.     Bearing   these  two 
points  in  mind,  it  is  probable  that  the 
light  provided  is  about  what  may  be 
needed  at  some  future  time,  but  it  is 
indisputable  that  at  present  a  wastage 
of  current  is  taking  place  and  at  least 
a  third,  very  possibly  even  a  half,  of  the 
lights  could  be  switched  off  as  un- 
necessary.    Taking  into  consideration 
the  nature  of  the  objects,  which  do  not 
so  abound  in  detail  as  to  demand 
facilities  for  minute  examination,  the 
brilliant  lighting  is  the  more  to  be 
deplored,  but,  as  pointed  out,  it  is  the 
users  rather  than  the  designers  of  the 
installation  who  should  be  blamed  for 
this. 

Crossing  the  Long  Corridor  into  the 
East  and  West-Central  Courts  an  even 
greater  brilliance  is  encountered.  Each 
of  these  courts  has  16-8-amp.  arc-lamps 
to  light  a  floor  space  of  90  ft.  by  70  ft. 
As  will  be  observed,  the  area  served  by 
each  lamp  is  but  little  lower  than  in 
the  East  Hall,  being  393  sq.  ft.  instead 
of  410  per  lamp,  the  additional  glare 
being  more  due  to  some  of  the  lamps 
hanging  at  17  ft.  from  the  floor  as 
against  20  ft.  in  the  other  case.  It  must 
be  admitted  that  the  construction  of  the 
court  with  side  arches  and  columns 
makes  the  present  number  and  arrange- 
ment of  lamps  almost  the  only  possible 
one  and  the  best  way  out  of  the 
difficulty  would  appear  to  be  the  sub- 
stitution of  smaller  lamps  in  the  two 
side  rows.  These  two  courts  are  used 
principally  for  the  display  of  immense 
carpets  and  tapestries  in  glass  cases. 
Glass  is  no  doubt  necessary  for  the 
preservation  of  the  fabrics,  but,  from 


an  exhibition  point  of  view,  it  is  most 
undesirable.  By  day  all  light-coloured 
objects  behind  the  observer,  the  mosaic 
floor  and  whitened  walls,  and  by  night 
the  rows  of  arc  lamps,  are  reflected 
with  distressing  distinctness  in  the 
sheet  of  glass  so  that  examination  of  the 
materials  is  difficult  both  from  long 
and  short  distances.  The  trouble  by 
day  is  unavoidable,  but  scarcely  so 
painful  as  Avhen  the  arcs  are  switched 
on.  There  appears  to  be  but  one 
remedy,  and  that  is — to  light  the  cases 
internally,  and  it  is  at  least  questionable 
whether,  with  such  large  objects,  this 
could  be  done  satisfactorily,  for,  to 
obtain  an  approximately  even  distribu- 
tion of  light  over  so  large  a  surface, 
the  lights  would  have  to  be  a  consider- 
able distance  in  front  of  each  object, 
and  this  would  necessitate  the  glass 
being  too  far  removed  for  students  to 
examine  the  texture  closely. 

On  leaving  the  West  Central  Court, 
a  court  of  the  old  museum,  dimly 
lighted  by  an  early  type  of  open  arc- 
lamp,  is  passed  through  into  the 
Octagon  Court.  This  court,  with  a 
floor  space  of  about  11,000  sq.  ft.,  is 
well  lighted  by  a  circle  of  twelve  8  amp- 
arcs  which  hang  at  the  40  ft.  radius 
some  22  ft.  from  the  floor.  The  floor- 
space  per  lamp  is,  therefore,  over 
900  sq.  ft.,  and  the  wattage  per  square 
foot  0*87.  The  actual  number  of  lamps 
in  the  circle  is  24,  but  only  alternate 
lamps  are  used  :  the  condition,  there- 
fore, is  the  reverse  of  that  in  the  East 
and  West  Halls,  where  a  somewhat 
more  bountiful  provision  is  available, 
and  full  use  is  made  of  it — very  need- 
lessly, as  has  been  pointed  out.* 

How  serious  a  waste  of  public  money 
may  result  from  any  extravagance  in 
lighting  will  be  realised  from  the  fact 
that  280  units  are  consumed  hourly 
during  the  three  nights  a  week  on  which 
the  museum  is  open  to  the  public  until 
10  p.m.,  exclusive  of  the  current  for 
power  to  the  lifts  and  fans,  and  to  this 
should  be  added  the  expense  of 
trimming. 

The  objects  in  this  court  are  of  a 
very   varied  description — metal-work, 


*  Since  the  above  was  writteu  it  has  become 
customary  to  light  18  of  the  lamps. 
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lace,  china,  and  other  things,  as  here  are 
gathered  together  many  of  the  private 
collections  lent  to  the  museum  by  their 
owners.  As  a  rule  the  objects  are  not 
large,  and  are  arranged  in  cases  about 
6  ft.  high. 

The  long  corridor  which  divides 
the  large  courts  from  one  another  has 
a  first  floor  corridor  running  over  it 
from  which  there  are  many  openings 
and  balconies  looking  into  the  upper 
parts  of  the  large  courts.  It  might 
be  thought  that  the  arc  lamps,  hanging 
as  they  do  just  below  the  level  of  the 
eyes  of  those  who  stand  at  these 
openings,  would  be  found  to  be  very 
objectionable.  The  annoyance  has 
been  guarded  against,  however,  by 
providing  all  the  nearest  lamps  with 
oblique  metal  shades,  and  it  is  sur- 
prising how  possible  it  is  to  look  down 
into  the  courts  without  being  conscious 
of  the  fact  that  the  nearest  of  these 
lamps  is  there  at  all  :  the  glare  from 
the  further  ones  is,  of  course,  softened 
by  distance. 

Passing  through  the  West  Hall 
and  up  the  steps  under  an  Indian 
archway  one  of  the  side-lighted 
galleries  is  reached  —  the  South- 
western, Ground  Floor  Gallery  (No.  56) 
which  is  devoted  to  wood-work  exhibits. 
This  is  a  gallery  106  ft.  long  by  30  ft. 
wide,  and  nearly  20  ft.  high.  The 
lighting  arrangements  are  those  which 
have  been  adopted  as  the  standard 
throughout  the  incandescent  lighted 
galleries.  There  are  two  rows  of  6-light 
fittings  (in  this  case  7  in  each  row), 
the  lamps  being  28-watt,  obscured, 
metallic-filament,  2  in  series  on  the 
200-volt  circuit.  The  fittings  are  of  the 
chain  type,  having  a  flat  ring  2  ft.  3  in. 
in  diameter  to  carry  the  lights,  and  this 
hangs  at  9  ft.  from  the  floor.  Each 
lamp  is  fitted  with  a  6-in.  opal  saucer 
shade — very  desirable  from  the  illu- 
minating point  of  view,  but,  on  a  real- 
bronze  fitting,  questionably  so  from 
the  artistic  one. 

This  arrangement  of  lighting  is  a  very 
pleasant  and  effective  one,  a  very  even 
distribution  and  ample  light  being 
obtained.  In  the  case  of  the  ceramic, 
(;namel,  and  book  galleries,  which 
have  cases  not  exceeding  6  ft.  in  height, 
it  is  all  that  could  be  desired,  but  in  the 


galleries  devoted  to  wood-work  and 
furniture  the  whole  arrangement  has 
been  spoilt  by  a  rigid  insistence  on 
the  standardised  height  of  9  ft.  to  the 
ring  of  the  fitting.  It  is  indisputable 
that  in  these  particular  galleries  the 
whole  of  the  fittings  ought  to  be  raised 
about  2ft.,  for  very  many  of  the 
objects  exhibited  are  wholly  or  partially 
above  the  lighting  line,  and  in  addition, 
both  by  day  and  night,  the  fittings 
themselves  constantly  obstruct  the 
visitor's  view.  It  is  a  matter  very 
easily  remedied  by  cutting  out  a  few 
links  of  the  chain,  and  it  is  surprising 
that  those  responsible  have  not  seen  to 
it  already.  The  need  for  this  is  no 
doubt  a  result  of  alterations  in  the  plan 
of  arranging  the  exhibits  already 
referred  to,  and  this  again  is  due  in  all 
probability  to  the  passing  of  authority 
from  the  Board  of  Education  to  the 
newly-appointed  Director  of  Art  during 
the  progress  of  the  work.  It  results 
in  a  particular  instance  of  the  evil 
arising  from  the  adoption  of  any 
stereotyped  method  of  fighting  particu- 
lar galleries  in  a  particular  way, 
irrespective  of  the  objects  which  will 
eventually  be  placed  in  them. 

It  cannot  too  constantly  be  borne  in 
mind  that,  broadly  speaking,  those 
objects  whose  characteristics  are  those 
of  form  and  contour  depend  for  their 
effect  on  the  position  of  the  light : 
the  ones  whose  beauties  are  those  of 
colour  must  be  considered  from  the 
point  of  quality  of  the  rays  of  light  : 
and  those  objects  whose  principal 
interest  consists  in  details  of  structure 
and  composition  must  be  provided  with 
an  abundant  quantity  of  illumination. 

All  the  other  galleries  which  are 
similarly  lighted  by  6-hght  fittings 
take  practically  the  same  number  of 
watts  per  square  foot  of  floor  space 
as  in  this  case,  that  is  0-74  watts,  and, 
if  we  reckon  the  28-watt  lamps  as  being 
of  25  c.-p.,  there  is  one  candle  for  each 
IJ  ft.  of  flooring,  or  very  nearly  our 
old  friend  "  one  16  c.-p.  lamp  for  every 
50  sq.  ft." 

In  the  case  of  the  ceramic  galleries, 
all  available  wall-space  has  been 
covered  by  glass  cases,  8  ft.  high,  and 
projecting  about  14  ins.  Additional 
lighting  has  been  provided,  very  wisely, 
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for  these  by  lamps  in  enamelled 
"  trough  "  reflectors,  shining  through 
the  glass  tops.  One  28-watt,  clear, 
metallic-filament  lamp  is  used  for  3  ft. 
of  case,  and,  as  they  are  kept  close  to  the 
front  edge,  they  are  screened  from  the 
eyes  by  the  metal  cornice  unless  the 
face  is  brought  quite  close  to  the  glass 
front  of  the  wall-case.  These  cases  are 
fitted  with  a  number  of  glass  shelves, 
and,  as  experience  at  the  British 
Museum  had  shown  that  when  using 
clear  glass  the  shadows  of  objects 
on  the  upper  shelves  were  thrown  on 
lower  exhibits  and  that  ground  glass 
for  all  shelves  too  seriously  obstructed 
the  light  towards  the  bottom  of  the  case, 
the  top  shelf  only  has  been  made  of 
ground  glass  and  the  remainder  of  clear, 
with  very  satisfactory  results. 

To  those  unacquainted  with  the 
conditions  of  museum  lighting,  it  may 
seem  that  some  system  of  tubular 
or  other  lighting  inside  the  cases  would 
have  been  preferable.  The  objection 
to  tbis  method  is  that  the  electricians 
would  have  no  access  to  the  lamps,  as 
there  is  a  strictly  enforced  regulation, 
necessitated  by  the  great  value  of 
many  of  the  exhibits,  that  cases  may 
only  be  unlocked  in  the  presence  of  one 
of  the  higher  officials  of  the  museum. 
The  wisdom  of  insisting  on  this  pre- 
caution in  the  case  of  objects  which  are 
of  little  intrinsic  value  and  of  con- 
siderable bulk  will  strike  the  general 
public  as  questionable  and  as  being  a 
regrettable  instance  of  "  red-tape." 

The  architectural  features  of  the  top- 
floor  galleries,  which,  as  has  been 
mentioned,  are  lighted  by  a  glass  roof 
instead  of  by  windows  along  the  side, 
have  necessitated  the  fittings  being 
hung  rather  nearer  the  walls  than  is 
desirable  for  the  best  distribution  of 
light,  and  this,  added  to  the  lack  of  the 
reflection  which  is  obtained  from  the 
white  ceilings  on  the  lower  floors,  make 
these  galleries  scarcely  so  well  lighted 
as  the  latter  although  the  candle-power 
per  area  is  identical.  This  effect  is 
also  due  in  part  to  contrast  with  the 
pavilions  from  which  they  are  entered 
and  which,  with  an  area  of  1,150  sq.  ft., 
are  lighted  by  a  circle  of  eight 
120-watt  lamps,  i.e.,  0*83  watts  per 
square  foot. 


The  side  lighted  galleries  on  the  first 
floor,  devoted  to  textile  exhibits,  are 
lighted  by  two  rows  of  3-amp.  enclosed 
arc-lamps,  2  in  series  on  200  volts. 
These  galleries  are  similar  to  those  in 
the  wood-work  section  just  described, 
and  the  arcs  are  hung  in  corresponding 
positions  to  the  6-light  fittings,  but 
close  to  the  ceiling.  The  floor-space, 
therefore,  being  3,180  sq.  ft.  served  by 
14  lamps,  the  watts  per  square  foot  are 
1*32,  or  nearly  twice  the  amount  used 
in  the  incandescent  lighted  galleries. 
The  lighting  efl^ect  is  no  better  for 
this  additional  consumption,  but  it  is 
necessary  to  employ  arc -lamps  in  these 
galleries  for  the  sake  of  judging  the 
colours  of  the  objects. 

A  good  illustration  of  the  absorption 
of  light  by  dark-coloured  walls  is 
afforded  by  comparing  these  first  floor 
galleries  with  those  allocated  to  sculp- 
ture and  stone-work  on  the  ground 
floor  at  the  eastern  end  of  the  building 
(Nos.  62,  64),  which  are  of  equal  area 
and  lighted  by  lamps  of  a  similar  size 
and  number.  The  objects  also  are 
of  the  first  of  the  classes  just  referred 
to — busts,  statues,  &c. — which  depend 
for  their  beauty  on  the  incidence  of 
light  and  shade.  In  these  galleries  and 
those  of  the  floor  below  there  is  a  very 
objectionable  multiplicity  of  shadows, 
particularly  those  of  the  upper  part 
of  the  frames  of  the  cases  which 
frequently  quite  disfigure  the  sculptured 
forms.  Care  should,  therefore,  have 
been  taken  to  arrange  the  lamps  in  the 
exact  position  necessary  to  best  light 
each  object,  quite  regardless  of  whether 
such  points  are  at  the  intersections  of 
beams  or  the  centres  of  plaster  panels  : 
otherwise  the  objects  ought  to  be 
arranged  in  relation  to  the  lights. 

Sufficient  regard  is  frequently  not 
paid  to  the  importance  of  maintaining 
a  similar  direction  of  illumination  by 
day  and  at  night.  The  art  museum, 
being  intended  to  provide  examples  of 
all  that  is  best  in  each  art  to  be  copied 
and  studied,  this  is  essential,  for,  if  a 
student  commences  drawing  some  figure 
which  by  day  is  lighted  from  the  right, 
and  if  at  dusk  he  finds  all  the  shadows 
suddenly  thro^vn  in  the  opposite  direc- 
tion, he  immediately  loses  all  benefit 
from  the  artificial  lighting  and  the 


346 


THE  ILLUMINATING  ENGINEER. 


museum  might  just  as  well  be  closed  at 
dark.  Utility  is  only  too  often  sacrificed 
to  symmetry  in  arranging  both  lights 
and  cases. 

In  the  day  time  it  is  possible  to  walk 
through  these  arc-lighted  galleries  with- 
out noticing  the  lamps  which  are  hung 
high  and  enamelled  white  :  on  entering 
the  galleries  lighted  by  6-light  fittings, 
however,  these  form  one  of  the  most 
noticeable  features. 

The  ground  floor  of  the  Long  Corridor 
(No.  47),  500  ft.  long  by  16  ft.  wide,  is 
beautifully  Hghted  by  a  line  of  27-120- 
watt  metallic-filament  lamps  under 
10-in.  conical  opal  shades  at  14  ft. 
from  the  floor.  As  this  represents  only 
0-4  watts  per  square  foot  of  floor  the 
abundance  of  light  is  rather  surprising, 
but  is  no  doubt  due  to  the  absence  of 
objects  in  the  centre  of  the  corridor 
(the  only  exhibits  being  architectural 
drawing  and  photographs  on  the  walls), 
to  the  whiteness  of  the  walls,  ceiling,  and 
mosaic  floor,  and  to  the  lamps  being 
clear  instead  of  obscured.  Additional 
light  from  the  arc -lamps  in  the  large 
courts  also  shines  through  openings 
at  several  points. 

The  first  floor  corridor  above  this 
has  a  number  of  7  ft.  and  8  ft.  cases 
arranged  down  the  centre,  and,  as  these 
required  lighting  on  each  side,  2-light 
electroliers  having  a  4-ft.  spread  have 
been  employed.  A  fair  light  is  the 
result,  but  the  cases  are  too  crowded 
together  for  them  all  to  be  well-lighted 
without  considerably  increasing  the 
number  of  points.    Probably,  however. 


no  very  important  objects  are  placed 
here,  as  it  is  by  day  one  of  the  few 
poorly  lighted  parts  of  the  building, 
the  arched  ceiling  having  a  tunnel-like 
effect. 

Some  smaller  rooms  on  the  first  floor 
at  the  west  of  the  quadrangle,  devoted 
to  art  engravings,  are  lighted  by  single- 
light  pendants  with  120-watt,  clear, 
metallic -filament  lamps.  The  four 
rooms,  which  communicate  by  large 
openings,  are  together  140  ft.  long  and 
20  ft.  wide,  and  are  lighted  by  10  such 
pendants,  hanging  at  10  ft.  from  the 
ground,  in  a  single  line.  By  this 
means  a  very  good  illumination  has 
been  obtained  with  inexpensive  fittings 
and  a  very  economical  current  con- 
sumption. 

The  lighting  of  the  beautiful  white- 
marble  staircases  at  the  Cromwell 
Road  entrance  has  been  done  very 
successfully  by  200  c.-p.  obscured, 
metallic -filament  lamps  in  ceiling 
fittings,  in  pleasing  contrast  to  the 
more  extravagant  plan  adopted  in 
lighting  the  Exhibition  Road  entrance 
staircase  with  small  arc -lamps. 

In  conclusion  a  word  of  praise  should 
be  said  as  to  the  special  treatment  given 
to  various  exhibits  which  have  been 
built  in  the  galleries,  particularly  a 
French  boudior  in  Gallery  58,  and  a 
Swiss  panelled  room  in  Gallery  1  in  the 
wood-work  section,  and  the  Santa 
Chiara  Chapel  in  the  East  Hall,  the 
lighting  of  which  is  by  incandescent 
lamps  concealed  from  view. 

V.  A.  L. 


The  Visibility  of  Coloured 
Lights. 

Red  lights  appear  to  be  visible  to  a 
greater  distance  than  green,  according 
to  The  International  Railway  Journal. 
on  recent  tests  on  a  clear,  dark  night, 
a  red  light  of  1  candle-power  was  clearly 
discorniblo  at  1  mile  ;  one  of  3  candle- 
])owor  at  2  miles  ;  10  candle-power, 
tliroijgfi  a  binocular,  at  4  miles  ;  and 
X\  candIo-pow(;r  at  5  miles.  On  an 
(ixceptionally  clear  niglit,  a  wliite  light 
of  .'i-2  candle-power  could  be  distingushed 
at  3  miloH  ;  17'2  candle-power  at  5  miles. 
— The  Acetylene  Journal,  March,  1909. 


Lady  Canvassers  for  Demonstration 
Work. 

A  RECENT  number  of  The  Journal  of  Gas 
Lighting  refers  to  a  suggestion  made  by 
Mrs.  Helen  Armstrong  at  the  Chicago 
meeting  of  the  National  Commercial  Gas 
Association  last  year,  regarding  the 
field  of  usefulness  of  ladies,  acting  as 
demonstrators  for  gas  companies. 

Ladies,  it  is  pointed  out,  often  possess 
(lualifications  whi(;h  render  them  very 
successful  in  this  field,  and  enable  them 
to  secure  business  which  the  business 
manager  would,  in  the  ordinary  course 
of  events,  fail  to  recognize. 
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TRADE  NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


Recent  Developments  in  Gas  Lighting. 


A  BEPRESENTATTVE  of  The  Illuminating 
Engineer  recently  paid  a  visit  to  the 
premises  of  Mr.  Julius  Norden  (44, 
Farringdon  Street,  London,  E.G.),  where 
a  number  of  novelties  in  connexion  with 
gas  lighting  are  on  view. 

One  of  the  first  exhibits  by  which  the 


Fig.  1.-4,500  CP.  Pharos  Inverted  Light. 

visitor  was  struck  is  the  display  of  a 
number  of  powerful  incandescent  gas 
lamps  run  on  the  "  Pharos  high-pressui-e 
air  system.  Readers  of  this  journal  will 
recall  a  controversy  on  the  relative  merits 
of  high  -  pressure  air  and  high -pressure 
gas   as    a    means    of    increasing  the 


efficiency  of  incandescent  gas  lamps.* 
On  behalf  of  high -pressure  air  it  has  been, 
contended  that  the  system  can  be  applied 
to  existing  lower  pressure  gas  installa- 
tions without  any  change  in  the  gas 
pipes  being  necessary,  that  no  special 
meters  are  needed,  and  that  the  danger 


Fig.  2. — Semi-indirect  fixture  utilising  Pharos 
Inverted  Mantle. 

due  to  gas  leakages  is  reduced,  &c. 
There  are  two  sets  of  pipes,  one  carrying 
to  the  burner  the  ordinary  lower  pressure 
gas  and  the  other  leading  in  air  imder 
pressure.    At    Mr.    Norden's  premises 

*  The  Illuminating  Engineer,  London,  Vol.  I. 
1908,  p.  956. 
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an  electrically  driven  compressor  was 
shown  at  work  comiDressing  the  air, 
and  the  course  of  the  pipes  carrying  the 
gas  and  air  respectively  to  the  burner 
could  be  followed  by  the  visitor ;  it 
was  therefore  an  interesting  object  lesson 
in  this  system.  Outside  the  shop  was 
to  be  seen  a  powerful  ' '  Pharos  "  light 
stated  to  yield  about  4,500  candle-power 
and  about  70  candles  per  cubic  foot. 
The  lamp  was  also  arranged  with  a  special 
lowering  gear  and  flexible  tubes  which 
have  been  for  some  time  in  use  in  Ger- 
many, but  which,  we  understand,  have 


Within  the  show-room  are  seen  some 
smaller  examples  of  the  same  kind  of 
lamp,  notably  a  semi-inverted  fixture, 
which  is  shown  in  Fig.  2. 

Lamps  of  this  kind  are  stated  to  have 
found  a  wide  application  for  drawing 
offices  and  other  positions  in  which 
uniform  illmiiination  and  absence  of 
glare  is  essential  in  Germany.  An  in- 
stallation of  high  pressure  Pharos  lamps 
will  be  seen  in  Fig.  3,  All  these  lamps 
utilized  uncoUodianized  mantles,  and 
demonstrations  were  given  of  the  method 
of  burning  them  off. 


Fro,  3.— Restaurant  lighted  by  Pharos  Lamps. 


not  previously  beenshownin  this  country.* 
The  lamp  can  be  raised  and  lowered  by 
means  of  a  winch  just  like  an  electric 
arc-lamp,  and  without  the  supply  of 
gas  b(;ing  intorrii])ted.  The  process  of 
lowering  attracted  an  interested  group 
of  onlookers  on  the  pavement. 

*  See   The   lUuminaliny  Enainetr,  bondon, 

Vol.  II.,  wm,  p.  g:w. 


There  are  also  a  number  of  other  in- 
teresting details  in  connexion  with  these 
lamps,  for  example  a  special  cylindrical 
lantern.  This  consists  of  two  halves 
clamped  together  to  form  the  complete 
cylinder,'  by  releasing  a  catch  the  two 
portions  come  apart,  and  are  readily  de- 
tached for  cleaning,  &c. 

Reference  should  next  be  made  to  a 
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new  form  of  distance  lighter  —  the 
"  Gascho  " — which  is  illustrated  in  Fig.  4. 
The  object  of  this  device  is  to  enable 
street  lamps  to  be  lighted  and  extin- 
guished from  the  supply  station  by  means 
of  a  temporary  increase  of  pressure.  This 
increase  need  not  exceed  three-quarters 
of  an  inch,  in  addition  to  the  ordinary 
lighting  pressure  of,  say,  2  inches,  and  the 
duration  of  the  extra  impulse  is  only  about 
one  to  three  minutes  according  to  the 
distance.  The  apparatus  is  stated  to  be 
exceptionally  simple  and  solid  in  con- 
struction and  is  entirely  outside  the  gas 
chamber.  The  increase  in  pressure  causes 
a  leather  membrane  to  rise.  In  so  doing 
it  moves  a  brass  rod  which  actuates  a 
cog  -  wheel  above  it.  The  teeth  of  this 
cog-wheel  are  cut  in  such  a  way  that  the 
fu*st  effect  of  a  rise  in  pressure  is  to  tiu-n 
the  light  on.  Subsequently,  at  a  later 
time  in  the  evening,  a  second  impulse 
can  be  applied,  and  this  in  turn  ex- 
tinguishes the  light.  By  a  slight  modi- 
fication in  the  cog-wheel  the  arrangement 
can  also  be  applied  to  a  twin  burner. 
In  this  case  the  wave  of  pressure  can  ber 
caused  to  extinguish  one  burner  only, 
and  the  second  wave  to  extinguish  both. 
This  may  lead  to  considerable  saving  in 
gas,  for  in  many  localities  what  is  wanted 
is  for  the  streets  to  be  very  brightly  illu- 
minated during  a  certain  portion  of  the 
night,  and  then  for  a  smaller  amount  of 
light  to  be  provided  later  on. 

Among  other  interesting  exhibits  may 
be  mentioned  portable  incandescent  lamps 
using  methylated  spirits  and  petrol 
respectively.  A  number  of  decorative 
fittings  of  a  somewhat  novel  character 
were  also  on  view ;  to  some  of  these  we 
hope  to  refer  later. 

Another  development  which  was  shown 
to  our  representative  was  a  modification 
of  the  iron-cerium  gas  lighter  described 
in  a  previous  number  of  this  journal.* 
This  device,  it  will  be  recalled, 
consists  in  the  use  of  a  special  mixtiu"e  of 
iron  and   cerium  which,  when  rubbed, 

*  The  Illuminating  Engineer,  London,  Vol.  II., 
1909,  p.  780. 


gives  rise  to  a  spark.  To  operate  the 
device  two  hands  are  necessary,  one  to 
grip  the  rod  and  the  other  to  produce  tho 


Fig,  4. — Sectional  View  of  '*  Gascho"  distance 
lighter. 

brisk  rubbing  movement.  Experiments 
are  now  being  made  with  a  simplified 
form  in  which  the  apparatus  is  gripped 
and  operated  by  the  same  hand. 


Prom  the  Machine  Gas    Syndicate,  Ltd. 

(180,  Arlington  Road,  London,  N.W.), 
we  receive  the  most  recent  particulars 
and  prices  of  the  plants,  on  the  Cox's 
Atr-Gas  System,  manufactured  by  tliis 
firm.  Attention  to  installations  for  from 
30  to  150  lights  listed  at  32  to  105  guineas. 
The  cheapness  and  convenience  of  'the 
method  for  lighting  are  pointed  out  in  a 


reprint  of  an  article  in  The  World's  Work 
by  Mr.  Norman  Wilson,  and  it  is  also 
stated  that  in  remote  districts  the  system 
has  great  advantages  for  heating  and 
cooking  purposes,  Attention  is  again 
drawn  to  the  demonstration  of  the  absence 
of  condensation  in  the  pipes,  even  when 
they  are  immersed  in  a  freezing  mix* 
ture. 
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The  New  Inverted  Lucas  Lamp. 


During  a  visit  to  Messrs.  Moffat's  Ltd. 
(13,  Farringdon  Road,  London,  E.G.) 
a  representative  of  this  journal  was  shown 
the  new  inverted  self-contained  lamp 
recently  put  upon  the  market  by  this  firm. 

Many  different  methods  have  been 
devised  of  producing  a  self-contained 
lamp  such  as  can  be  burned  off  the 
ordinary  low-pressui'e  supply  mains  and 
yet  enjoy  the  advantages  of  the  intimate 
mixture  of  gas  and  air  which  the  use  of 
high  pressure  gas  renders  possible.  One 
method  of  doing  this,  developed  by  Messrs. 
Mofrats,  was  the  thermopile  lamp,  which 
has  been  previously  described  in  these 
columns.*  Yet  earlier  the  same  firm 
made  use  of  an  elongated  metal  chimney 


mantle,  serves  to  carry  away  the  products 
of  combustion  and  produce  the  requisite 
forced  draught.  As  soon  as  the  lamp  is 
lighted,  therefore,  a  regular  cycle  of 
operations  sets  in,  air  being  sucked  in  by 
the  duct  on  one  side  and  expelled  by  the 
other.  Precautions  are  taken  to  prevent 
the  expelled  air  being  drawn  in  and  again 
sent  through  the  lamp. 

A  feature  claimed  for  the  lamp  is  that 
no  wire -gauze  is  employed.  Special 
arrangements  are,  however,  made  to 
avoid  the  possibility  of  the  flame  striking 
back — a  defect  which  has  to  be  specially 
guarded  against  in  the  case  of  most 
inverted  lamps.  It  will  be  seen  that  the 
gas   supply  is   led   direct   through  the 


Figs.  1  and  2.— General  View  of  New  Lucas  Inverted  Lamp. 


with  the  object  of  producing  a  forced 
draught  and  consequently  more  perfect 
admixture  of  gas  and  air  and  an  improved 
efficiency.  This  lamp,  however,  used  an 
upright  burner  and  mantle. 

The  new  lamp  represents  a  modifica- 
tion and  improvement  of  this  last 
principle.  An  inverted  mantle  is  used 
and  the  single  chimney  is  replaced  by 
two  separate  ones  which  terminate  at  the 
head  of  the  lamp  and  serve  two  distinct 
objects.  One  of  the  ducts  leads  direct 
to  the  burner  and  serves  to  draw  in  a 
stream  of  air  from  aljovc;,  whiU;  the  other, 
emerging  in  the  globe  surrounding  the 

*  The  Illuminathuf  Ev<finej'.r,  London,  Vol.  I., 
1908,  1).  583  ;  Vol.  11.,  1909,  p.  258. 


mixing  chamber  to  the  burner  midway 
between  the  two  chimneys.  The  burner 
is  of  special  construction,  terminating  in 
a  honeycomb  of  fine  tubes.  Uncollo- 
dianised  mantles  are  employed. 

The  lamp  is  stated  to  give  approxi- 
mately 1,200  candle-power  and  to  yield 
about  40  candles  per  cubic  foot  of  gas. 
In  addition  it  is  claimed  that  the  arrange- 
ment of  the  chimneys  renders  the  lamp 
wind-proof  while  the  means  adopted  to 
secure  improved  efficiency  are  very  noise- 
less. These  advantages  are  often  of  no 
little  iiri])ortan('o  in  situations  where  self- 
contained  lam])s  of  this  kind  are  em])loyed. 
Wo  understand  iJiat  lamps  of  smaller 
candle-power  than  the  above  will  bo 
available  shortly. 
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The  Lux  Candle. 


We  have  received  from  The  Lux 
Candle  Co.,  Ltd.  (240,  High 
Holborn,  London,  W.C.)  parti- 
culars of  a  new  type  of  electric 
candle  which  is  claimed  to  be 
specially  convenient  for  replacing 
existing  fittings.  The  arrange- 
ment consists  of  an  outer  envelope 
surrounding  the  lamp  proper,  and 
it  is  only  necessary  to  replace  the 
long  cylindrical  lamp  shown  in 
Fig.  1,  and  not  the  surrounding 
cover.  As  the  lamp  itself  pro- 
jects above  the  opal  tube  there 
is  no  interference  with  the  light, 
and  the  outer  cover  can  be 
detached  for  cleaning  without  it 
being  necessary  to  touch  the  lamp  ; 
the  risk  of  breaking  the  latter  is 
therefore  reduced. 

The  general  appearance  of  the 
candle  will  be  gathered  from 
Fig.  2.  

The  "  Multax"  Long  Burning 
Flame  Arc  Lamp. 

This  new  lamp,  which  is  put  on 
the  market  by  The  Globe  Electric 
Co.,  Ltd.  (11,  Farringdon  Avenue, 
London,  E.G.),  is  designed  to  meet 
the  necessity  of  a  long  -  burning 
flame  arc.  This  is  achieved,  not 
by  the  use  of  two  or  more  car- 
bons, but  by  a  special  type  of 
"  Bridgecore  ^'  carbons. 

It  is  claimed  that  by  their  use  the  creased   strength   of   carbons   tends  to 

burning  hours  of  the  existing  flame  lamp  reduce  breakages.    The  lamp  is  supplied 

made  by  this  firm  are  doubled  without  in  two  patterns,  intended  for  20  to  36 

any  increase  in  the  length  of  the  lamp  burning  hours  respectively, 
being  necessary ;    in  addition,  the  in- 


Fia.  1. 


Fig.  2. 


The  British  Thompson  Houston  Co.,  Ltd. 

(83,  Cannon  Street,  London,  E.C.),  send 
us  prices  and  particulars  of  Mazda 
electric  incandescent  lamps,  which  are 
now  made  for  200-250  volts,  in  the  32  watt 
21  candle-power  size,  and  are  stated  to 
run  at  1  -25  to  1  '50  watts  per  candle. 

We  have  also  to  acknowledge  the 
receipt  of  :  particulars  of  the  Wtt--kinson 
Economic  Ei,ectric  Stoves  and  Ovens 
(Messrs.  F.  A.  Wilkinson,  Harpenden, 
Herts),  and  particulars  of  the  Mastico 
Bituminous  Solution  and  Enamel 
(W.  H.  Keys,  Ltd.,  101,  Leadenhall 
Street,  London,  E.G.). 


The  General  Electric  Co.  (67,  Queen 
Victoria  Street,  London,  E.G.). — Particu- 
lars of  electric  water-boilers,  toasters  and 
foot-warmers. 

The  Union  Electric  Co.  (Park  Street, 
Southwark,  London).  —  Particulars  of 
"Union"  shop -window  fittings  for  use 
with  metallic  filament  lamps. 

The  London  Electric  Treatment  Institute 

(43-44,  New  Bond  Street,  London),— 
Descrix^tive  pamphlet  relating  to  use  of 
electricity  and  light  as  curative  agents. 
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The  Siemens  "Onewatt" 
Lamps. 

Further  particulars  are  now  to  hand 
regarding  the  new  "  One  watt Lamps 
which  Messrs.  Siemens  Bros.,  Dynamo 
Works,  Ltd.,  Tyssen  Street,  Dalston, 
London,  N.E.,  are  placing  upon  the 
market,  and  which  were  referred  to  in  our 
last  number.  The  "  Onewatt "  is  a 
"  Tungsten  "  Lamp  which  has  a  filament 
of  drawn  "Tungsten'^  wire.  The 
efficiency  of  the  new  lamps  is  the  same 
as  the  average  lamp  of  that  type,  namely, 
1*1  watts  per  CP.  The  present  "  One- 
watt  Lamps  are  100  CP.  for  100-130- 
volt  and  200-250-volt  circuits  respec- 
tively, and  are  listed  at  the  price  of  4/6 
each,  subject  to  the  usual  trade  and  cash 
discounts.  For  street  and  shop  lighting 
they  are  stated  to  be  especially  suitable 
and  highly  satisfactory  results  are  con- 
fidently expected.  These  lamps,  it  is 
suggested,  provide  municipalities,  con- 
tractors, and  consumers  with  a  lamp 
of  very  high  efficiency  at  a  low  initial 
cost,  thus  reducing  the  maintenance  and 
installation  costs  which  up  to  now  have 
considerably  hampered  the  adoption  of 
electric  lighting  in  many  cases. 


The  Necessity  of  Shading  Naked  Sources  of  Light. 

A  WRITER  in  a  recent  number  of  Popular  catch  it  with  bare  hands  as  it  fell.  It 

Mechanics  (October,  1909)  gives  a  rather  is   safe   to   assume   that   the  maiming 

ingenious   illustration  of  the  need  for  effect    of    gold    nuggets    falling  with 

reducing  the  intrinsic  brilliancy  of  naked  express-train  speed  would  detract  largely 

lamps.    Many  people,  for  example,  are  from  the  pleasure  of  feeling  them  in  one's 

unwilling  to  use  frosted  lamps,  being  so  hands.    Now  suppose  that   instead  of 

strongly  impressed  with  the  amount  of  descending  in  nugget  form,  the  metal 

light     lost    thereby.      "  The   beneficial  were  beaten  into  gold-leaf,  strips  of  which 

effects  of  frosting,"  the  author  continues,  were  dropped  from  the  clouds  and  wafted 

*'  may  be  illustrated  by  the  following  their  way  down  to  the  expectant  hands 

whimsical  parable  : —  of  mortals  below.    Men  would  welcome 

Gold,  like  artificial  light,  is  one  of  the  such  a  change  even  if  the  amount  of  gold 

luxuries  which  civilized  man  has  come  falling  were  decreased ....  As  a  general 

to  rc^gard  as  a  necessity.    Suppose  that  rule  one  can  well  afford  to  cut  down  his 

gold  doscendfid  in  intermittent  showers  total   liiiuons  of  light   19  per  cent  by 

from  the  skies,  and  that  in  order  for  a  frosting,  when  the  same  process  reduces 

man  to  possess  any  of  the  precious  metal  his  lumens  per  square  inch  by  several 

it  was  absolutely  necessary  for  him  to  thousand  per  cent." 
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CORRESPONDENCE. 


The  Gas  Industry  and  Illuminating  Engineering. 


Dear  Sir, — It  was  with  considerable 
interest  that  I  read  your  editorial 
entitled  '  The  Gas  Industry  and  Illu- 
minating Engineering,'  appearing  in 
the  March,  1910,  issue  of  this  journal. 
In  common  with  you  and  others  really 
interested  in  illuminating  engineering, 
in  its  broad  sense,  I  desire  to  see  the 
gas  industry  take  an  active  part  in  the, 
work.  You  will  note  the  word  "  take  " 
— by  this  I  mean  that  the  gas  industry 
should  be  sufficiently  interested  in  the 
Art  and  Science  voluntarily  to  make 
itself  heard  and  not  rely  entirely 
upon  those  interested  in  illuminating 
engineering  to  create  interest  for  them. 

During  the  past  couple  of  years  there 
has  been  an  awakening  in  the  gas 
industry,  especially  in  this  country, 
and  this  is  evidenced  by  the  attitude 
of  some  of  the  larger  gas  companies 
towards  the  Illuminating  Engineering 
Society. 

Of  this  I  may  quote  two  concrete 
examples  : — 

When  the  Annual  Convention  of  the 
Illuminating  Engineering  Society  was 
held  in  New  York  City  last  year  Mr. 
Walter  R.  Addicks,  Vice-President  of 
the  Consolidated  Gas  Company  of 
New  York  City,  lent  very  considerable 
monetary  aid,  and  did  everything  in 
his  power  to  make  the  Convention  a 
success,  and  in  his  remarks  before  the 
Convention  showed  that  the  Illu- 
minating Engineering  Society  had  been 
of  material  benefit  to  his  Company. 
Mr.  W.  J.  Clark,  Vice-President  of  the 
Westchester  Lighting  Company,  Mount 
Vernon,  New  York  again,  in  his  review 
of  general  progress  during  the  past 
year  said  :  "I  think  in  no  like  period 
since  the  advent  of  the  illuminating 
engineer  has  his  art  made  such  great 
strides  as  during  the  last  year,  par- 


ticularly in  the  matter  of  gas  lighting." 
(The  truth  of  this  remark  was  further 
substantiated  by  the  holding  of  a  joint 
meeting  of  the  New  York  Section, 
Illuminating  Engineering  Society,  and 
the  National  Commercial  Gas  Associa- 
tion at  their  Convention  held  in  Madison 
Square  Garden,  New  York  City,  in 
December.)  "  That  the  gas  industry 
is  awakening  up  to  the  importance  of 
this  factor  in  the  satisfactory  growth 
and  output  of  its  commodity  is  now 
unquestionable.  A  number  of  pro- 
gressive companies  have  regularly  em- 
ployed men  who  are  experts  in  illu- 
mination, and  many  of  the  gas  com- 
panies who  have  not  had  their  regular 
forces  of  illuminating  engineers  are 
making  a  practice  of  calling  in  the 
services  of  these  trained  men  in  the 

solving  of  lighting  problems,  &c  

I  take  some  personal  pride  in  having 
jointly  called  the  attention  of  the  gas 
men  through  my  address  to  the  National 
Commercial  Gas  Association  two  years 
ago,  to  the  importance  of  the  industry, 
and  the  great  factor  of  illuminating 
engineering,  and  demanded  the  atten- 
tion of  the  fraternity  to  this  important 
field,  and  I  trust  that  my  humble 
efforts  in  this  direction  may  have  some 
weight." 

It  certainly  would  appear  from  the 
foregoing  remarks  that  those  in  autho- 
rity appreciate  the  value  that  broadly 
practised  illuminating  engineering  prin- 
ciples may  have  on  their  industry,  and 
it  is  my  sincere  hope  that  this  feeling 
will  expand  until  it  is  shared  by  all 
gas  men,  as  well  as  electrical  com- 
panies, acetylene  companies,  gasoline 
companies,  &c.,  alike. 

Believe  me,  &c., 

A.  J.  Marshall. 
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Glare,  its  Causes  and  Effects/ 


Dear  Sir, — The  recent  discussion  of 
the  Illuminating  Engineering  Society 
on  the  question  of  glare  revealed  a 
general  consensus  of  opinion  that  naked 
electric  glow  lamp  filaments  and  other 
sources  of  great  intrinsic  brilliancy  are 
often  very  improperly  used.  Permit 
me  to  mention  a  few  illustrations. 

As  several  speakers  in  this  dis- 
cussion truly  stated,  examples  of  the 
exposure  of  naked  metallic  filament 
lamps  in  show-mndows  are  still  very 
numerous.  Until  one  takes  a  walk 
down  some  of  our  main  streets  with  the 
object  of  studying  this  matter  one 
hardly  realises  how  few  shops  there  are 
in  which  this  defect  does  not  exist,  and 
how  still  fewer  windows  there  are 
which  can  be  said  to  be  really  well 
lighted. 


In  other  cases  high  candle-power 
tungsten  lamps  have  been  used,  and  a 
marked  improvement  was  recently 
instituted  on  some  stations  of  the 
Underground  by  equipping  such  lamps 
with  octagonal  opal  reflectors.  This 
materially  improved  the  illumination 
on  the  platform  and  at  the  same  time 
screened  the  filament  from  the  eyes  of 
those  waiting  for  the  train.  There  can 
be  no  question  of  the  improvement  in 
comfort  and  ease  in  observing  things 
which  this  modification  has  brought 
about. 

In  some  cases  a  more  or  less  unsatis- 
factory attempt  has  been  made  to 
screen  the  lamps  in  the  carriages,  but 
in  others  naked  and  antiquated  carbon 
filament  lamps  still  seem  to  be  the  rule. 
The  accompanying  sketch  shows  the 
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Fig.  1.— Showing  Unsatisfactory  Method  of  Illuminating  Advertisements  with  Naked  La-nps  in 
the  Direct  Range  of  Vision. 


Another  example  of  glare  is  furnished 
by  the  arrangements  on  some  of  the 
tube  railways.  Many  of  these  under- 
ground railways  have  recently  shown 
commendable  enterprise  in  putting 
up  illuminated  signs  which  are  exceed- 
ingly good  of  their  kind ;  they  are 
characterised  by  a  very  satisfactory 
avoidance  of  glare  and  uniform 
brightness  of  surface.  But  it  is 
surprising  to  find  how  often  naked 
lamps  are  used  in  the  trains  or  on  the 
platforms.  The  writer  has  in  mind 
one  tube  platform  from  which  it  is 
rarely  possible  to  distinguish  the  time 
on  the  clock  ;  the  dial  is  not  illuminated 
and  usually  appears  jet  black  against 
the  background  of  arc  lamps  and 
reflected  light  from  the  tiles. 


appearance  of  some  of  the  advertise- 
ments in  these  carriages  with  the 
lamps  in  front.  When  one  attempts  to 
read  the  notice  the  filament  falls  direct 
between  the  latter  and  the  eye.  One 
wonders  how  it  is  that,  if  the  space 
devoted  to  advertisements  is  valuable, 
no  stipulation  is  made  that  it  should  be 
so  illuminated  as  to  be  easy  to  read. 

Yet  other  instances  of  glare  are 
furnished  by  certain  of  our  public  halls. 
In  the  Queen's  Hall  the  lamps  over  the 
orchestra  stalls  are  at  least  screened 
so  that  the  audience  cannot  see  them, 
though  it  cannot  be  said  that  this 
principle  is  adhered  to  throughout  the 
building.  On  the  other  hand,  in  the 
Alexandra  Palace,  where  a  very  large 
space  is  given  up  to  the  Orchestra  and 
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choir,  an  objection  might  certainly  be 
raised  to  the  system  of  Hghting  em- 
ployed. The  illumination  provided 
may  be  good  and  the  lamps,  regarded  as 
efficient  producers  of  light,  may  be 
admired,  but  it  is  a  fact  that  people 
at  the  back  of  the  hall  cannot  look 
towards  the  orchestra  and  choir  with- 
out being  acutely  conscious  of  the 
brilliant  unscreened  high  pressure  gas 
mantles  distributed  over  the  audi- 
torium.   Probably  the  conditions  could 


be  materially  improved  by  some  simple 
screening  device. 

Other  instances  could,  no  doubt, 
be  quoted.  Occasionally,  however,  one 
finds  a  tendency  of  the  opposite 
direction.  I  recollect  a  West  End 
theatre  in  which  the  general  illumina- 
tion is  certainly  of  a  restful  character, 
but  so  dim  that  in  the  pit  it  is  literally 
impossible  to  read  the  programme 
provided.     I  am,  yours,  &c., 

Dissatisfied. 


Holophane  Arcs. 

We  have  received  from  the  Holophane  range  of  candle-power  available  are  also 

Co.   (12,   Carteret  Street,   Westminster,  advantages.    It    is    also  recommended 

S.W.)  their  most  recent  catalogue  of  the  that  when  the  lamps  are  placed  at  a  height 

Holophane  "  Arcs."  The  "  arc,"  it  should  of  less  than  12  ft.,  lamps  with  frosted 

be  explained,  is  a  composite  fitting,  a  tips  should  be  invariably  employed  so 

group  of  glow-lamps  being  equipped  with  that  anything  in  the  nature  of  glare  may 

suitable  reflectors  and  massed  together,  so  be  avoided. 
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Fig.  1. 


that  the  whole  constitutes  a  single  high 
candle-power  imit.  The  general  nature 
of  the  fixture  will  be  understood  from 
the  accompanying  illustrations. 

By  the  use  of  these  fixtures,  it  is  claimed, 
the  light  is  very  efficiently  distributed, 
and  the  steady  nature  of  the  source  and 


Fig.  2. 

A  feature  of  the  catalogue  before  us  to 
which  special  reference  may  be  made  is 
the  list  of  spacing  rules  at  the  end,  for 
the  guidance  of  the  contractor  in  securing 
good  distribution  of  light  in  various 
kinds  of  interiors. 
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REVIEWS  OF  BOOKS. 

The  Distribution  of  Gas. 

By  Walteb  Hole. 


{John  Allen  <Sc  Co.,  The  Gas  World  Offices, 
8,  Bouverie  Street,  E.G.,  Second  Edition, 
15s.  net.) 

This  is  the  second  edition  of  Mr.  Hole's 
work.  It  has  been  considerably  ex- 
tended and  revised,  and  we  note  that 
seven  new  chapters,  dealing  mainly  with 
the  supply  and  consumption  of  gas  at 
the  consumer's  premises,  have  been 
added. 

This,  of  course,  is  as  it  should  be. 
The  rapid  developments  in  gas  lighting 
in  modern  times  necessitate  frequent 
revision  of  a  work  of  this  character.  The 
result  is  a  volume  which  will  unques- 
tionably be  retained  for  reference  by 
many  of  those  interested  even  remotely 
in  gas  lighting  ;  we  need  only  echo  the 
suggestion  in  Mr.  Newbigging's  intro- 
ductory note  to  the  effect  that  as  long 
as  the  up  to  date  character  of  the  work 
is  maintained  it  is  not  likely  to  be  super- 
seded. 

The  comprehensive  nature  of  the  book 
will  be  gathered  from  the  fact  that  it 
contains  over  800  pages,  33  chapters, 
and  over  600  illustrations  which,  it  may 
be  added,  are  invariably  clear  and  well 
executed. 

In  the  course  of  the  work  a  great  many 
matters  of  a  technical  character  are  dealt 
with  in  some  detail.  The  Discharge 
from  Pipes,  Governors,  Mainlayingj  Wet 
and  Dry  Meters,  CJas  Fires  and  Cookers, 
&c.,  all  receive  chapters  to  themselves. 
But  the  chapters  which  are  of  the  greatest 
interest  to  us  are  Nos.  XXI.  and  XXVII. 
to  XXXI.,  which  deal  with  internal  and 
public  lighting  respectively.  In  the 
former  it  is  pleasant  to  note  that  many 
of  the  points  in  connexion  with  illu- 
mination on  which  stress  has  been  laid 
in  this  journal,  are  also  emphasized  by 
the  author.  In  discussing  shop  lighting, 
for  example,  ho  points  out,  by  the  aid  of 
illustrations,  the  absurdity  of  the  reck- 


less exposure  of  unscreened  powerful 
lamps  for  advertising  purposes  outside 
shops  and  within  the  direct  range  of 
vision.  He  likewise  advocates  a  mild 
diffused  light  for  window  illumination, 
and  gives  figures  for  the  intensity  desir- 
able, adding  ' '  a  strong  glaring  light  may 
suit  the  cheap  jeweller,  but  for  good  shop 
lighting  it  should  be  avoided  at  all  costs. 
In  this  connexion  the  author  makes 
special  reference  to  the  value  of  scien- 
tifically designed  shades  and  reflectors. 
Mr.  Hole  is  evidently  conversant  with  the 
work  of  the  Illuminating  Engineering 
Society  in  the  United  States,  quoting 
from  a  recent  paper  by  liansingh  and 
Rolph  in  support  of  his  views. 

Mention  may  also  be  made  of  the 
chapter  devoted  to  '  Complaints  and 
Repairs,'  in  which  the  author,  in  addi- 
tion to  detailed  instructions  for  repair 
and  the  detection  of  leakage  &c.,  insists 
upon  the  desirability  of  cultivating  friendly 
relations  with  the  consumer. 

The  portion  of  the  book  devoted  to 
public  lighting  deserves  special  study. 
The  author  describes  the  most  recent 
high-pressure  installations  in  London  and 
Berlin,  and  makes  reference  to  the  views 
and  experiments  of  Prof.  Drehschmidt 
on  street  lighting.  He  also  gives  a  brief 
summary  of  the  chief  points  in  the  theory 
of  the  .  bunsen  burner,  and  traces  the 
development  of  public  lighting  by  low- 
pressure,  self -intensifying,  and  high- 
pressLU'e  systems.  A  serviceable  summary 
of  methods  of  distance  lighting  is  also 
provided,  and  the  design  of  lamp -posts 
is  well  illustrated. 

The  book  closes  with  an  Appendix 
tabulating  the  flow  of  gas  through  pipes 
and  the  diameter,  which  is  reprinted  from 
Mr.  Newbigging's  'Handbook  for  Gas 
Engineers.'  A  satisfactory  Index  is  pro- 
vided— a  very  essential  item  in  a  book  of 
this  nature. 
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Review  of  the  Technical  Press. 


ILLUMINATION  AND  PHOTOMETRY. 

There  have  been  a  number  of  editorials 
in  papers  in  the  United  States  deahng 
^ith  various  aspects  of  illumination. 
The  Illuminating  Engineer  of  New  York, 
as  usual,  deals  with  a  variety  of  subjects, 
such  as  A  Standard  of  White  Light, 
Lamp-posts  as  Architectural  Struc- 
tures, &c. 

The  Electrical  World  similarly  deals 
/with  The  Artistic  in  Lighting,  The 
.Flicker  Photometer,  and  other  matters. 
One  of  the  editorials  referred  to  takes 
the  view  that  the  lighting  experts  must 
come,  more  and  more,  to  cultivate  the 
artistic  side  of  the  subject,  if  they  are  to 
be  successful  in  any  other  than  purely 
I)usiness  offices,  &c.  Another  matter 
dealt  with  in  the  same  journal  is  the  recent 
article  by  H.  E.  lYes  on  Tests  of  Visual 
-Acuity.  The  author  explains  a  new 
system  of  gratings  by  the  aid  of  which 
.lie  can  get  a  gradually  adjustable  fineness 

•  of  detail  for  optical  tests  of  eyesight,  &c. 

Among  other  articles  of  a  more  strict 
technical  nature  we  may  note  that  of 
A.  F.  Parks  {Elec.  World,  N.Y.,  March  24) 
who  deals  with  Graphical  Solution  of 

.  Illumination  Problems.  He  points  out 
that  the  calculation  of  the  illumination 
produced  at  any  point  from  a  source  of 

-known  polar  distribution  of  light  is  an 
easy  matter,  so  long  as  the  source  is 
symmetrically  placed  with  reference  to  the 
plane  ilhmiinated.    When  this  is  not  the 

•  case,  however,  calculations  become  more 

-  involved,  and  the  author  presents  a  chart 
of  angles  enabling  the  work  to  be 
■simplified. 

As  usual,  there  are  several  general 
articles  on  Shop  Window  Lighting  to 
record.     A.  D.  Curtis  (Ilium.  Eng.,  N.Y.) 

-  shows  how  different  types  of  reflectors 
■  can  be  arranged  so  as  to  throw  the  light 

into  the  window  and  avoid  presenting  the 
.  bright  source  of  light  to  the  people  out- 
side. Another  article  in  The  Electrical 
Field  (April)  discusses  the  subject  more 
,  exhaustively,  the  author  emphasizing  the 
fact  that  when  any  source  is  installed  it 

-  should  be  clearly  borne  in  mind  exactly 
what  it  is  to  do,  i.e.,  whether  it  is  intended 

;  for  general  illumination,  as  an  advertise- 
.  ment  to  attract  custom,  or  to  illuminate 
.  the  goods  in  the  window.    Confusion  of 


these  three  objects  leads  to  undesirably 
glaring  effects  in  shop  lighting. 

Among  items  of  a  more  photometrical 
nature  reference  may  be  made  to  the 
discussion  of  the  Illuminating  Engineering 
Society  (London),  which  is  reported 
in  many  technical  joiu'nals.  The  Elektro- 
technische  Zeitschrift  (March  24)  prints 
the  recommendations  of  the  Verband 
Deutscher  Elektrotechniker  relating  to 
the  measurement  of  the  mean  horizontal 
candle-power  of  electric  lamps.  The 
use  of  a  rotating  holder,  or  should  this 
not  be  desirable,  a  mirror  rotating  round 
the  stationary  lamp,  is  recommended. 
Two  alternative  methods  of  making 
the  actual  photometrical  test  are  given. 

An  article  of  general  scientific  interest 
is  that  of  W.  R.  Whitney  (Elec.  Rev.,  N.Y., 
April  14),  who  summarizes  many  of  the 
known  facts  about  the  radiation  of 
artificial  illuminants,  and.  entitles  his 
communication  The  Chemistry  of 
Light.  Another  recent  paper  dealing 
with  radiation  phenomena  is  that  of 
J.  G.  Clark  (J.G.L.,  April  26).  An 
interesting  item  in  this  paper  is  a  series 
of  polar  curves  of  light  distribution  from 
incandescent  mantles  equipped  with  differ- 
ent kinds  of  opal  shades. 

ELECTRIC  LIGHTING. 

Tungsten  Filament  Lamps  continue 
to  receive  attention.  A  recent  editorial 
in  The  Electrical  World  of  New  York 
draws  attention  to  their  increasing  use  for 
street  lighting ;  in  a  second  note  the 
same  journal  contends  that  it  is  not 
desirable  that  metallic  filament  lamps  of 
less  than  20  candle-power  should  be 
generally  used.  The  bringing  about  of  a 
higher  standard  of  illumination  is  more 
to  be  desired,  and  it  is  only  in  exceptional 
circumstances,  e.g.,  for  the  lighting  of 
corridors  and  very  small  rooms,  that 
lamps  of  smaller  candle-power  than  the 
above  are  needed.  The  Electrician  also 
deals  with  Streetlighting  by  Tungsten 
Lamps,  giving  diagrams  showing  the  life 
of  lamps  in  various  districts. 

Another  interesting  note  that  may  be 
referred  to  is  that  by  Ashton  in  The 
Electrician  (February  25).  He  proposes 
the  use  of  Condensers  in  Series  with 
Metallic  Filament  Lainips  on  alternating 
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current  circuits,  in  order  that  the  voltage 
taken  for  the  lamps  may  be  reduced. 
Condensers  have  certain  advantages  over 
transformers  for  this  purpose,  as  they  are 
light,  easy  to  make,  and  need  only  cost  a 
few  shillings.  The  fact  that  they  give 
rise  to  a  leading  power  factor  would  also 
be  an  advantage  to  central  stations  with 
more  or  less  inductive  loads.  However, 
the  author  suggested  that  they  cannot 
compete  with  transformers  except  in 
very  small  installations. 

Turning  next  to  Arc  Lamps  we 
may  mention  another  reproduction  of 
Wedding's  article  on  the  Timab-Dbegar 
Lamps,  in  which  horizontal  flame  carbons 
are  used,  and  the  length  of  the  whole 
is  greatly  reduced.  W.  H.  Millar  {Elec- 
trical World,  March  17)  gives  some  par- 
ticulars of  the  Quartz  Tube  Mercury 
Vapour  Lamp  now  being  used  in  France 
by  the  French  Westinghouse  Company. 
He  gives  its  specific  consumption  as 
0*25  watts  per  candle,  and  remarks  that 
the  colour  of  the  light,  on  the  whole, 
is  pleasing  while  the  mild  and  diffusing 
brightness  of  the  illuminated  outer  globe 
is  very  restful  to  the  eyes.  Such  lamps 
should  be  hung  about  20  ft.  high  in  the 
case  of  1,000  candle-power  units,  and 
30  ft.  in  the  case  of  2,000  candle-power 
lamps.  Stress  is  laid  on  the  fact  that  we 
have  here  available  a  high-candle  power 
lamp  in  which  the  inconvenience  of  con- 
stantly renewing  carbons  is  avoided. 

Recent  numbers  of  Elektrotechnik  und 
Maschinenbau  contain  the  usual  account  of 
Recent  Patent  Litebatube  bearing 
on  electric  lighting,  and  the  serial  article 
in  the  Zeitschrift  fiir  Beleuchtungswesen 
relating  to  the  detailed  construction  of 
metallic  filament  lamps,  the  attachment 
and  methods  of  winding  the  filaments,  &c. 
is  continued.  J.  R.  Pollock  {Zeitschrift 
fiir  Beleuchtungswesen,  April  20)  and 
others  have  published  a  paper  dealing 
with  the  phenomena  which  occur  when 
a  carbon  arc  is  suddenly  switched  off 
and  then  switched  on  again.  Curves  are 
published  [connecting  the  voltage  across 
the  arc  and  the  time  in  seconds  during 
which  the  lamp  is  switched  off. 

A  very  striking  editorial  in  the 
Electrical  Review  for  April  1st  points 
out,  the  importance  of  illuminating  engi- 
neering to  the  contractor  and  explains  the 
province  of  the  expert  illuminating 
engineer. 

Lastly  reference  may  be  made  to  some 
of  the  practical  applications  of  electric 
lighting.  Among  these  may  be  mentioned 
the  Electbic  Lighting  of  the  New 
Theatbe  in  New  York  {Elec.  Review, 
New  York,  March  19),  and  the  article 
by  T.  J.  Jones  entitled  Electricity  in  a 


MoDEBN  Restaurant  {Electrical  Worldy 
New  York,  March  10)  ;  in  the  former  some 
massive  forms  of  chandeliers  equipped 
with  small  frosted  lamps  are  shown,  and 
in  the  latter  the  decoration  of  the  restaur- 
ant ceiling  with  miniature  lamps  concealed 
amid  artificial  vegetation  of  bunches  of 
grapes,  &c.  J.  R.  Sloan  {Elec.  Review^ 
April  2,  9)  deals  with  Electbic  Car 
Llghting,  his  article  being  mainly  con- 
cerned with  the  practical  arrangements 
and  different  systems  of  placing  the 
generator  on  trains,  &c.  Yet  another 
contribution  of  the  same  kind  is  that 
of  O.  D.  Ziegler  in  the  April  number  of 
The  Illuminating  Engineer,  New  York, 
who  deals  with  various  types  of  Animated 
Electbic  Signs. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

One  matter,  in  connexion  with  gas 
lighting,  which  has  received  a  consider- 
able amount  of  attention  in  the  British 
technical  press  during  the  last  few  weeks 
has  been  the  decision  of  the  Westminster 
and  City  Council  regarding  the  Lighting 
OF  the  Streets  in  the  neighbourhood  of 
Piccadilly.  This  locality  is  to  be  lighted 
by  high-pressure  incandescent  gas  lamps 
of  1,800  and  3,000  candle-power,  instead 
of  the  electric  arc -lamps  previously 
employed.  A  feature  of  the  contract 
is  that  a  penalty  of  5s.  per  day  per  lamp 
in  the  case  of  large  lamps,  and  6d.  per 
lamp  in  the  case  of  small  ones,  is  to  be 
paid  by  the  gas  company  in  the  event  of 
the  light  of  such  lamps  falling  below  the 
prescribed  value.  The  electrical  journals 
naturally  comment  on  this  decision  ex- 
tensively the  general  impression  being 
that  the  low  cost  quoted  for  the  upkeep 
of  the  gaslamps  indicates  that  the  in- 
stallation is  to  be  regarded  mainly  as  a 
good  advertisement. 

The  Bill  now  before  Parliament  for  a 
Common  Testing  Bubneb  has  already 
received  much  attention.  In  this  con- 
nexion the  question  whether  both  a 
colorific  and  an  illuminating  test  is 
necessary  has  been  much  debated.  Mr. 
Corbet  Woodall  gives  his  opinion  that 
either  one  standard  or  the  other  ought 
to  be  adopted,  but  not  both  ;  in  Gerrnany 
reliance  is  now  placed  almost  exclusively 
on  a  colorific  test,  and  this  is  natural 
since  90-95  per  cent  of  the  gas  generated 
is  usually  employed  either  for  heating 
or  with  incandescent  mantles  {Journal 
of  Gas  Lighting,  April  12th,  Gas  World, 
April  16). 

Several  papers  in  the  United  States  by 
E.  J.  Bean,  A.  B.  Burr,  and  F.  Blylep 

refer  to  various  phases  of  illuminating 
engineering  of  interest  to  the  gas  engineer. 
E.   J.   Bean    for    example   describes  a 
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number  of  Single  Unit  Installations. 
He  presents  plans  of  the  system  of  illu- 
mination adopted  in  various  buildings 
and  gives  the  result  in  terms  of  Lumens 
per  unit  area.  The  use  of  the  term 
"  Lumen "  seems  to  be  becoming  pre- 
manently  fixed  in  American  practice. 

There  will  also  be  found  in  the  British 
press  references  to  a  number  of  new  forms 
of   automatic   gas   lighters.    Thus  The 
Journal  of  Gaslighting  (April  19th)  refers 
to  the  ' '  Gascho     apparatus  put  on  the 
market  by  Julius  Norden,  and  in  a  previous 
number,  to  the  Broadberry  device,  both 
of  which  act  by  the  application  of  a 
temporary  increase  of  pressure.    A  feature 
of  the  latter  apparatus  is  the  provision  of 
artificial  liquid  inertia  ;    as  a  result  of 
this  the  apparatus  only  responds  to  a 
steady  change  of  pressure  and  is  affected 
by  small  transitory  fluctuations.    A  very 
novel  suggestion  is  referred  to  in  a  recent 
number  of  The  Gas  World,  i.e.,  the  possi- 
bility of  controlling  street  lamps  by  wire- 
less electric  waves,  on  a  resonance  system  ; 
the  apparatus  does  not  seem  to  have 
materialized  yet,  however,  and  this  is  only 
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EDITORIAL. 


KING    EDWARD    THE  Vllth. 

During  the  past  month  a  great  loss  has  been  suffered  by  the 
Nation.  The  sorrow  of  the  British  people,  in  the  removal  from  their 
midst  of  King  Edward,  will  be  shared  by  those  in  other  countries  who 
knew  and  recognized  his  wide  and  tolerant  sympathy,  his  services  to 
humanity,  and  the  qualities  which  earned  for  him  the  title  of  "The 
Peacemaker." 

It  may  well  be  said  that  in  this  term,  more  than  any  other, 
the  guiding  principle  of  King  Edward's  reign  will  be  made  known  to 
posterity.  It  is  not  too  much  to  say  that  all  in  this  country,  rich  and 
poor  alike,  thought  of  King  Edward  as  a  personal  friend.  It  was  also 
a  most  striking  testimony  to  his  sagacity  as  a  ruler,  and  to  his  kindly 
and  lovable  disposition  as  a  man,  that  King  Edward,  while  inspiring 
the  utmost  loyalty  and  devotion  in  his  own  subjects,  yet  came  to 
receive  the  friendship  and  confidence  of  the  whole  civilized  world. 
Among  scientific  men,  who  have  learned  to  place  high  value  on  inter- 
national co-operation  and  mutual  service,  his  efforts  in  promoting  the 
brotherhood  of  nations  will  be  long  remembered  with  grateful  appreciation. 

Fortunately  we  have  every  reason  to  hope  that  the  influence  of 
King  Greorge  V.  will  be  exercised  in  the  same  beneficient  direction. 
He  has  more  than  once  given  convincing  proof  of  his  personal  enthusiam 
for  the  cause  of  science,  and  of  his  recognition  of  the  importance  of 
scientific  thought  and  method,  as  the  firm  basis  on  which  the  prosperity  of 
the  nation  must  rest. 
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The  first  Annual  Meeting;  of  The 
Illuminating  Engineering; 
Society. 

With  the  first  Annual  Meeting  of  the 
Illuminating  Engineering  Society  on 
the  23rd  of  last  month  the  first  session 
of  the  Society  comes  to  a  close. 

Our  readers  will  find  on  p.  379  the 
full  report  of  the  Council  for  the  session, 
in  which  the  progress  of  the  year  is 
summarized.  It  is,  however,  inter- 
esting to  look  back  over  this  period 
and  to  observe  how  fully  most  of  the 
original  anticipations  of  those  respon- 
sible for  the  formation  of  the  Society 
have  been  justified.  The  few  who 
initially  feared  for  its  ultimate  success 
seem  to  have  been  impressed  either 
by  the  supposed  difficulty  in  securing 
harmonious  working  between  repre- 
sentatives of  different  systems  of  illu- 
mination, or  by  an  assumed  lack  of 
sufficient  material  to  discuss.  It  need 
hardly  be  said  how  completely  these 
suggestions  have  been  disposed  of  in 
our  first  session. 

Meetings  and  discussions  have  invari- 
ably been  of  an  amicable  character  and 
all  members  interested,  whatever  the 
trade  or  profession  which  they  repre- 
sented, have  worked  together  to  make 
the  Society  successful.  As  regards 
material  for  discussion  the  only  dif- 
ficulty has  been  that  the  subjects 
treated  proved  far  too  rich  in  sug- 
gestion to  be  dealt  with  completely 
in  the  time  at  our  disposal,  and  there 
is  a  vista  of  sufficient  useful  work  to 
keep  us  engaged  for  several  years. 

As  explained  in  the  report,  the 
eflforts  of  the  Society,  during  the  past 
session,  have  been  mainly  devoted  to 
the  widening  of  its  scope  of  action, 
and  to  interesting  the  general  public 
in  its  aims  and  objects. 

The  Meetings  during  the  session 
were  devoted  mainly  to  the  discussion 
of  two  broad  questions,  namely  '  Glare, 
its  Causes  and  Effects,'  and  '  The 
Measurement  of  Light  and  Illumina- 
tion,' which  were  such  as  to  appeal  to 
the  members  of  the  Society  as  a  whole 
and  which,  clearly,  had  a  direct  bearing 
on  all  problems  in  illumination.  As 


a  result  some  very  stimulating  dis- 
cussions took  place,  and  the  Society 
was  successful  in  inducing  a  number 
of  representatives  of  the  medical  and 
other  professions  to  take  an  inte- 
rest in  its  deliberations,  many  of 
them  subsequently  becoming  members. 
For  the  rest  the  report  of  the  Council 
makes  it  clear  that  an  increasing 
amount  of  space  has  been  devoted  in 
the  press  to  the  subject  of  illumination 
and  the  doings  of  the  Society.  The 
membership  of  the  Society  has  in- 
creased from  150  to  225,  which  is 
certainly  very  gratifying  progress  for 
the  first  session.  It  is,  however,  even 
more  satisfactory  to  observe  that  the 
Society  now  includes  among  its  mem- 
bers so  many  distinguished  authorities 
in  this  and  other  countries, — a  number 
indeed  which  few,  if  any,  other  similarly 
constituted  Societies  could  have  shown 
at  so  early  a  stage  in  their  careers. 

And,  lastly,  it  is  with  special  pleasure 
that  we  observe  that  Prof.  S.  P. 
Thompson  has  kindly  consented  to 
accept  the  presidentship  for  a  second 
year  of  office.  During  the  past  year 
the  Society  has  owed  its  success  very 
largely  to  his  influence,  and  to  the 
benefit  derived  from  his  constant  ad- 
vice and  assistance.  The  next  session 
of  the  Society  should  therefore  start 
under  the  very  best  auspices  and  we 
hope  that,  during  the  vacation,  each 
member  will  make  a  personal  effort  to 
induce  others  to  join  and  to  make  the 
aims  and  objects  of  the  Illuminating 
Engineering  Society  yet  more  widely 
known  than  at  present. 

Recent  Developments 
of  Photometricai  Instruments. 

One  interesting  feature  of  the  Annual 

General  Meeting  was  the  exhibition  of 

two  simple  and  portable  photometrica? 

instruments  by  Mr.  Haydn  T.  Harrison 

and  Mr.  J.  S.  Dow.    The  description 

of  both  these  instruments  will  be  found 

on   pages    373-376.      Mr.  Harrison 

explains  that  his  is  a  direct  reading 

apparatus  which  enables  an  idea  of  the 

illumination  at  any  spot  to  be  readily 

formed  by  the  mere  inspection  of  the 

scale  without  it  being  necessary  to  make 
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any  adjustments.  The  instrument 
devised  by  Mr.  Dow  and  Mr.  V.  H. 
Mackinney  is  mainly  intended  to 
measure  the  "  intrinsic  brilliancy  "  or 
"  surface  brightness  "  at  any  point.  By 
its  aid,  it  is  suggested,  the  brightness 
of  any  surface  could  be  estimated  by 
inspection  from  a  distance  and  this 
should  be  advantageous  in  cases  in 
which  one  cannot  readily  get  access 
to  the  exact  spot  where  the  measure- 
ment is  to  be  m::de. 

In  these  cases  the  attempt  has  been 
to  secure,  above  all,  simplicity  and 
portability  rather  than  an  excessive 
order  of  accuracy. 

These  experiments  may  be  said  to 
be  the  result  of  the  recent  discussions 
of  the  Society  on  the  '  Measurement  of 
Light  and  Illumination.'  We  need 
not  say  that  we  should  be  glad  to  hear 
of  any  other  such  devices  that  may  be 
developed  during  the  vacation.  It  is 
coming  to^  be  recognized  that  in 
methods  of  measuring  illumination,  as 
in  other  matters,  there  is  room  for  a 
wide  variety  of  different  forms  of 
instruments,  all  having  their  distinc- 
tive spheres  of  action. 

What  is  mainly  needed  is  that  the 
measurements  of  this  kind  should  come 
to  be  looked  upon  as  simple  and 
familiar  processes.  Naturally  our 
present  apparatus  is  not  perfect,  but 
the  more  extended  use  of  existing 
instruments  will  reveal  to  us  where 
their  weaknesses  lie  and  what  errors 
are  likely  to  be  involved  in  their  use. 
By  this  means  we  may  expect  to  see  a 
steady  improvement  in  accuracy  and 
reliability,  which,  in  turn,  will  be 
stimulated  by  an  increasing  demand 
as  the  value  of  numerical  data  on 
illumination  come  to  be  better  appre- 
ciated. 

Researches  on  Metallic  Arc 
Lamp  Electrodes. 

The  article  by  Dr.  B.  Monasch  on 
the  above  subject,  commenced  in  the 
April  number  of  The  Illuminating 
Engineer  and  continued  in  our  present 
issue,  deals  with  a  subject  which  is  still 
very  imperfectly   understood.  The 


author  shows  how  in  the  early  history 
of  arc  lamp  design  there  were  many 
misconceptions  as  to  the  physical  laws 
underlying  the  electric  arc,  some  of 
them  probably  not  entirely  cleared  up 
even  to-day. 

In   particular   it  is  interesting  to 
notice  how  there  was  a  tendency  to 
apply  to  arc  lamp  electrodes  the  same 
principles  which  were  understood  to 
underly  the  success  of  incandescent 
filaments.  It  was  assumed,  for  example, 
that   hard   refractory   materials  and 
oxides  of  the  rare  earths  such  as  would 
withstand  a  higher  temperature  than 
carbon  (for  example,  alumina,  fireclay, 
and  the  materials  used  in  the  Nernst 
lamp)  would  form   a  good  basis  for 
electrodes   of    arc    lamps    and  give 
ri^e  to  a  very  efficient  result.  Ex- 
perience shows  that  this  is  not  the 
case.    Dr.  Monasch's  experiments  with 
Nernst  material  do  not  lead  him  to 
hope  for  any  great  improvement  in 
efficiency  by  this  means.    He  has  also 
examined  the  effect  of  using  various 
combinations  of  the  less  known  metals 
with  a  magnetite  core  electrode,  on 
the  nature    of  which  the  luminous 
efficiency   and   colour   of  the  flame 
mainly  depend.    The  majority  of  the 
large  number  of  substances  examined 
do  not  give  very  hopeful  results ;  that 
is  to  say,  their  addition  to  the  core 
leads  to  a  diminution  in  candle-power 
and  the  pure  magnetite  would  have 
given  a  better  result.    But  there  are 
certain  metallic  oxides,  sach  as  those 
of  titanium,   vanadium,  &c.,  which, 
when  mixed  with  the  magnetite,  lead 
to  an  improved  luminous  efficiency. 
By  a  careful  study  of  these  effects  one 
may  expect  to  arrive  at  a  combination 
which  gives  the  best  result  both  from 
the  standpoint  of  light-production,  and 
—  what   is    equally   important  —  as 
regards  durability.    In  arc-lamps  with 
metallic  electrodes  one's  aim  should 
presumably  be  to  secure  high  luminous 
efficiency  and  yet,  at  the  same  time,  to 
produce  electrodes  which  only  waste 
away  very  slowly  so  that  the  lamp  can 
burn  for  a  long  time  without  requiring 
attention, 
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Yet  another  item  to  be  considered 
is  the  nature  of  the  spectrum  of  the 
light  given  out.  We  should  seek  to 
secure  not  only  a  high  luminous 
intensity,  but  a  colour  and  quality  of 
light  which  is  satisfactory  from  the 
hygienic  standpoint  and  beneficial  in 
its  influence  on  vision. 

The  Sale  of  Gas  Appliances  and 
Illuminating^  Engineering;. 

On  page  405  we  refer  to  a  very 
interesting  and  valuable  booklet  issued 
by  Mr.  Norman  Macbeth,  illuminating 
engineer  to  the  Welsbach  Company  in 
the  United  States.    Those  who  are  still 
unconvinced  regarding  the  value  of 
scientific  knowledge  of  the  distribution 
of  light  from  different  forms  of  lamps 
would  do  well  to  study  the  '  Data  on 
Illuminating  Engineering'  which  he 
presents.     In  this  little  book  photo- 
graphs are  provided  of  a  number  of 
different  gas  lamps,  each  equipped  with 
its  proper  shade  and  reflector,  and  each 
photograph  being  followed  by  a  curve 
and  table  showing  its  distribution  of 
light  and  giving  full  particulars  of  its 
mean  s]3herical  and  mean  hemispherical 
candle-power,  output  in  lumens,  &c. 
Armed  with  exact  knowledge  of  this 
kind  an   engineer   can  predict  with 
much  greater   exactitude   what  any 
particular  lamp  will  do  or  will  not  do 
in  practice.    The  design  of  lighting 
installations  then  becomes  definite  and 
scientific  instead   of  the  results  of 
illumination  being  left  more  or  less  to 
chance.    It  is  also  to  be  noted  that 
Mr.   Macbeth  lays  special   stress  on 
utilizing  each   lamp  with  its  appro- 
priate shade,  and  on  the  desirability  of 
suppressing  the  glare  which  is  apt  to 
be  a  feature  of  powerful  incandescent 
mantles  only  surrounded  by  a  clear 
glass  globe. 

Of  equal  interest  is  the  handbook 
for  the  benefit  of  canvassers  in  gas 
ajjpliances.    In   this  little  book  Mr. 


Macbeth  rightly  lays  stress  on  the 
desirability  of  reference  to  published 
scientific  papers  on  the  subject  in 
advocating  the  claims  of  gas  appliances. 
It  is  this  capacity  to  lay  hold  of  and 
apply  the  most  recent  researches  and 
results  in  illuminating  engineering 
that  leads  to  success. 

The  Coming  International 
Medical  Congress  at  Brussels. 

There  is  one  item  in  the  Keport 
of  the  Council  of  the  Illuminating 
Engineering  Society  which  has  attracted 
considerable  attention,  namely,  the 
reference  to  the  participation  of  the 
Society  in  the  above  Congress. 

As  has   been  pointed  out  in  this 
journal  (Feb.,  1910,  p.  88),  the  occasion 
forms  an  interesting  precedent  since, 
for  the  first  time,  the  practical  aspects 
of  factory  and  workshop  lighting  and 
the  measurement  of  light  and  illumina- 
tion are  to  be  considered  in  connexion 
with  defects  of  vision  and  the  health 
of  employees.    It  may  be  added  that 
at  this  stage  of  our  knowledge  detailed 
information  regarding  the  effects  on 
workers  of  different  systems  of  light- 
ing, and  definite  instances  of  cases  in 
which  certain  methods  of  lighting  have 
been  clearly  proved  by  their  results  to 
be  satisfactory  or  the  reverse,  would  be 
very  valuable.   Our  Society  was  there- 
fore very  pleased  to  accept  the  invita- 
tion of  the  Congress  to  be  represented 
officially,   and   to  take  part   in  the 
discussion.     We   hope  that  in  the 
future  the  Society  will  be  able  to  avail 
itself  of  many  similar  opportunities  of 
drawing  attention  to  the  claims  for 
good  illumination.    Thus  we  shall  aim 
at  obtaining  the  official   support  of 
those  able  to  utilize  the  information 
which  we  may  supply  as  a  result  of 
the  concerted   efforts  of  the  oculists, 
architects,  and  engineers.    We  shall 
look  forward  to  the  proceedings  of  the 
Congress  with  great  interest  and  wish 
it  every  success.        Leon  Gasteh. 
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Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  (p.  367)  gives  an 
illustrated  account  of  the  Martens 
Illumination  Photometer.  He  also 
refers  to  the  use  of  shutters  and  dia- 
phragms as  a  means  of  adjusting  the 
illumination  of  the  photometric  sur- 
face according  to  a  uniform  law.  This 
method  is  used  in  the  Simmance- 
Abady  Street  Photometer. 

Following  this  Mill  be  found  an 
account  of  the  First  Annual  Meeting 

of  the  Jlluminating  JEnoineeriUG 

Society  (p.  371).  The  first  part  of  this 
meeting  was  dev^oted  to  purely  formal 
business,  including  the  reading  in 
abstract  of  the  Report  of  the  Council 
for  the  Session  1909-1910.  The  nomi- 
nation of  three  new  members  of  Council 
was  announced,  and  two  minor  altera- 
tions in  the  Constitution  of  the  Society 
adopted.  Prcf.  S.  P.  Thompson  kindly 
consented  to  continue  in  office  as 
President  of  the  Society  for  another 
year. 

Mr.  Haydn  T.  Harrison  and  Mr.  J.  S. 

Dow  described  New  Forms  of  Photo- 
METRicvL  Apparatus.  The  instrument 
exhibited  by  Mr.  Harrison  in\rolv^ed 
the  use  of  a  semi-transparent  graduated 
scale  illuminated  from  behind  with  a 
varying  intensity  according  to  a  com- 
bined inverse  square  and  cosine  law. 
The  characteristic  of  the  instrument 
is  that  the  illumination  at  any  place 
can  be  read  off  direct  without  any 
manual  adjustment  of  its  parts  being 
necessary.  It  is  also  adapted  to  the 
measurement  of  illumination  at  any 
desired  angle. 

The  instrument  shown  by  Mr.  Dow 
is  intended  mainly  to  measure  the 
intrinsic  brilliancy  of  any  bright 
surface ;  this  is  looked  at  through 
an  aperture  in  an  illuminated  white 
screen.  The  illumination  is  varied 
by  a  couple  of  mov^ing  shutters  tra- 
velling in  front  of  an  opal  glass  plate 


lighted  up  by  a  small  glow-lamp.  By 
means  of  this  instrument  it  is  hoped  to 
estimate  the  brightness  of  a  distant 
surface  to  which  it  is  not  easy  to  get 
access.  One  can  also  readily  deter- 
mine the  relativ^e  reflecting  powers  of 
different  materials. 

On  p.  379  will  be  found  the  Report 
OF  the  Council  for  the  Session.  A 
summary  is  given  of  the  work  of  the 
past  year,  and  it  is  pointed  out  that 
there  is  every  reason  to  hope  for  con- 
tinued success.    Since  the  inauguration 
of  the  Society  there  has  been  a  marked 
growth  of  interest  in  matters  connected 
with  illumination  and  the  proceedings 
of  the  Society  receive  an  increasing 
share  of  attention.    The  membership 
has  increased  from  about  150  to  over 
225.    Stress  is  also  laid  on  the  co- 
operation of  distinguished  authorities 
on  the  Continent  and  in  the  United 
States,  and  it  is  hoped  that  in  the 
future  the  international  connexion  of 
the  Society  will  be  found  yet  more 
beneficial.    It  is  anticipated  that  the 
programme  for  the  next  session  will 
be  of  an  attractive  character,  and  that 
papers    on   such    subjects  as  street, 
library,  and    shop  -  lighting   will  be 
presented.    Following   the   report  of 
the  council  will  be  found  a  continua- 
tion of  the  discussion  The  Measure- 
ment OF  Light  and  Illumination 
in  which  Mr.  G.  F.  Boxall  contributes 
some  remarks. 

The  discussion  on  Dr.  Sumpner's 
paper  on  The  Measurement  of  the 
Total  Light  from  a  Source  is  com- 
menced on  p.  387.  Prof.  Ulbricht  and 
Dr.  L.  Bloch  give  their  reasons  for 
supposing  that  the  Ulbricht  globe  is 
preferable  to  the  cubical  box  proposed 
by  Dr.  Sumpner,  and  argue  that  the 
latter  is  certain  to  introduce  consider- 
able errors — especially  when  sources 
having  non-symmetrical  polar  curv^es  of 
light  distribution  are  studied.  Prof, 
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G.  W.  0.  Howe  describes  an  attempt 
to  construct  and  use  a  box  of  the 
type  adv^ocated  by  Dr.  Sumpner,  at 
the  Central  Technical  College,  and  gives 
particulars  of  some  experiments  which 
suggest  that  it  can  be  satisfactorily 
employed  with  commercial  sources  of 
light.  Mr.  J.  S.  Dow  also  discusses 
the  errors  involv^ed  in  the  use  of  a 
cubical  box,  and  suggests  that  these 
may  be  found  to  be  less  serious  if  it  is 
very  large.  Dr.  W.  E.  Sumpner  replies 
to  the  various  criticisms  and  sugges- 
tions (p.  392). 

Dr.  B.  Monasch  (p.  394)  continues 
an  account  of  some  researches  into  the 
properties  of  Metallic  Arc-lamp 
Electrodes.  In  the  present  section 
he  studies  the  shape  and  colour  of  the 
flame  obtained  by  the  use  of  various 
materials,  of  which  titanium,  vana- 
dium, and  other  oxides  seems  to  give 
the  best  results.  He  describes  an 
experiment  with  an  arc  struck  between 
electrodes  of  Nernst  material  which 
shows  that  the  bulk  of  the  light  in 
these  circumstances  came  from  the 
electrodes  and  very  little  indeed  from 
the  luminous  flame. 

On  p.  399  will  be  found  an  article 
on  Shop  Window  Lighting,  in  which 
some  illustrations  of  successfully 
lighted  premises,  exhibited  at  the 
recent  exhibition  in  Berlin,  are  giv^en. 
The  distinction  is  drawn  between  the 
modern  view  of  a  window  as  a  place 
where  specially  attractive  and  choice 
articles  are  exhibited,  and  the  older 
conception  of  a  window  as  a  "  cata- 
logue "  of  the  goods  within.  The 
latter  method  inevitably  leads  to  over- 
crowding and  renders  it  difficult  to 
obtain  any  truly  artistic  effect.  When, 
however,  the  window  is  regarded  as  a 
picture  the  value  of  good  lighting  and 
arrangement  becomes  evident.  In 
the  higher  classes  of  show  window 
illumination  there  is  room  for  the 
services  rf  an  expert  who  is  skilled 
b  3th  in  the  artistic  arrangement  of  the 
goods,  and  also  in  the  use  of  light  to 
uisplay  them  to  the  best  advantage. 
The  required  specialist  must  under- 
stand both  window  lighting  and  window 
dressing. 


Another  article  dealing  with  the 
artistic  side  of  lighting  commences  on 
p.  407.  In  this  contribution  Some 
Architectural  Considerations  af- 
fecting THE  Design  and  Position 
OF  Lamps  and  Fixtures  are  discussed. 
It  is  shown  how  the  position  of  a  source 
may  be  decided  by  artistic  "  balance  " 
rather  than  by  considerations  as  to 
where  the  hght  is  needed.  The  pro- 
portions of  fixtures,  again,  may  be 
determined  by  symmetry  with  the 
interior  quite  apart  from  the  functions 
of  the  source  as  an  illummant.  In  the 
case  of  outdoor  lamps,  it  is  also  sug- 
gested, more  might  often  be  done  to 
reconcile  the  artistic  view  with  purely 
utilitarian  considerations.  To-day,  with 
our  powerful  and  efficient  ilium inants 
we  are  in  danger  of  disregarding  the 
former  possibilities. 

A  contribution  by    Dr.   L.  Bloch 

(403)  summarizes  the  recent  recom- 
mendations of  the  Photometrical  Com- 
mittee of  the  Verband  Deutscher  Elek- 
trotechniker  regarding  the  Measure- 
ment OF  Illumination  in  streets  and 
interiors.  They  propose  a  common 
sj/stem  for  both  cases,  namely,  measure- 
ment of  the  horizontal  illumination  at 
a  height  of  one  metre  above  the  ground 
or  floor,  and  give  full  reasons  for  this 
suggestion.  This  proposal  is  to  be 
submitted  at  the  Annual  Meeting  for 
tentative  trial  for  one  year,  and  it  is 
also  being  placed  before  the  Verein 
Von  Gas  und  Wasserfachmannern 
with  a  view  to  its  adoption  by  the 
gas  industry. 

Reference  may  lastly  be  made  to  a 
note  on  some  publications,  for  the  use 
of  canvassers,  &c.,  by  Mr.  N.  Macbeth 
of  the  Welsbach  Gas  Co.  in  the  United 
States.  The  Engineering  Data,  com- 
prising a  series  of  photographs  of  dif- 
ferent types  of  gas  lamps,  each  accom- 
panied by  its  respective  polar  curve  of 
light  distribution,  is  exceptionally  note- 
worthy, and  the  book  of  hints  to 
can  vassers  is  also  of  interest. 

At  the  end  of  the  number  will  be 
found  the  usual  Review  of  the 
Technical  Press. 
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Illumination,  Its  Distribution  and  Measurement. 

By  a.  p.  Trotter, 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p.  295,  Vol.  III.) 


The  Wingen  Photometer. — The  illu- 
mination photometers  which  have  been 
described  have  horizontal  screens  or 
test  plates  receiving  light  from  every 
direction  with  no  obstruction  except 
that  of  the  observer's  body.  For  the 
general  illumination  of  interiors  it  is 
necessary  that  the  test-plate  should 
command  a  wide  view.  Several  instru- 
ments have  been  designed  for  measuring 
the  illumination  on  desks,  which  receive 
light  principally  from  windows  in  one 
direction.  An  instrument  of  this  kind 
was  designed  by  A.  Wingen,  and  has 
been  made  by  Kriiss  of  Hamburg. 
It  consists  of  a  box  containing  a  benzine 
lamp  which  illuminates  a  white  screen 
in  the  box,  and  this  is  compared  with 
another  screen  just  outside  the  box. 
The  illumination  is  balanced  by  alter- 
ing the  height  of  the  flame  of  the  benzine 
lamp,  and  this  height  is  measured  on 
a  scale.  This  somewhat  primitive 
arrangement  has  been  improved  by  the 
adoption  of  my  moveable  screen  and 
cam.  The  arrangement  is  shown  in 
Fig.  120.  The  height  of  the  flame  of 
the  benzine  lamp  is  adjusted  to  a  gauge 
line.  The  eye-piece  inevitable  in  Ger- 
man instruments,  gives  a  view  of  the 
test-plate  S,  which  receives  the  illu- 
mination to  be  measured,  and  of  the 
inner  moveable  screen  V.  This  rests 
on  a  cam  H  of  such  a  shape  that  approxi- 
mately uniform  angular  movements  of 
the  shaft  on  which  it  is  fixed  give  uniform 
alterations  of  the  illumination  of  the 
moveable  screen.  The  range  is  from 
10  to  50  meterkerzen,  or  from  0"93  to 
4*65  foot-candles.  Tinted  glass  screens 
sliding  in  the  eye-piece  are  used  to 
increase  this  range.* 

The  Martens  Photometer. — This  is 
another  instrument  employing  a  benzine 
lamp,  and  having  a  test-plate  of  plaster 
of   Paris   intended   to   receive  light 

*  Fully  described  in  Journal  fur  Gasbeleuch- 
tuny,  1902,  p,  738,  and  Journal  of  Gaslighting. 


mainly  from  above  or  in  one  side 
direction,  other  directions  being  ob- 
structed by  the  instrument  as  in  the 
Wingen  Photometer.  Fig.  121  is  a 
diagrammatic  view  of  the  arrangement 
which  cannot  be  shown  in  simple  plan, 
as  the  parts  are  arranged  at  various 
angles.  Fig.  122  is  an  end  view, 
showing  only  the  essential  features. 
The  benzine  lamp  L  is  fixed,  and  its 
light  is  reflected  by  a  pair  of  mirrors  M 
on  to  a  prism,  which  reflects  it  on  to  a 
ground-glass  screen  G.  On  looking 
through  the  eye-piece,  the  "image  of  this 
screen  is  seen  alongside  an  image  of  the 
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Fig.  120.— The  Wingen-Kiiiss  Photometer. 

white  screen  S.  The  most  original  part 
of  this  apparatus  is  the  use  of  the  pair 
of  mirrors  for  altering  the  illumination. 
Even  with  the  double  effective  length 
of  travel  which  these  provide,  tinted 
screens  must  be  used  to  give  a  useful 
range. 

Iris  Diaphragm  Photometers.  —  A 
photometer  was  made  some  twenty-fiv^e 
years  ago  by  Petruschewsky  for  measur- 
ing the  illumination  on  school  desks. 
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The  light  from  an  oil  lamp  was  cut 
off  by  a  diaphragm  having  a  tapering 
aperture.  Blondel  and  Broca  have 
used  a  "  cat's-eye  "  diaphragm.  My 
unsuccessful  attempt  to  use  this  device 
has  been  mentioned,  but  I  applied  it 
simply  to  a  small  glow-lamp,  and  when 
the  light  was  cut  down  for  measuring 
feeble  illumination,  the  diaphragm  acted 
as  a  pinhole,  and  gave  an  image  of  the 
filament.     Blondel  and  Broca  place 
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Fig    121— The   Martens   Photometer.  Dia- 
grammatic Plan. 

an  opal  glass  screen  between  the  lamp 
and  the  diaphragm  and  avoid  that 
difficulty.  Their  photometer  has  been 
so  recently  described  in  these  pages  that 
further  details  need  not  be  given. 

This  principle  has  been  used  in  the 
Simmance-Abady  photometer,  with  the 
intention  of  employing  a  simple  law 
and  avoiding  experimentally  graduated 
scales.    A  small  electric  glow-lamp  is 


employed,  but  this  is  not  used  directly. 
It  illuminates  the  interior  of  a  small 
globe  whitened  inside.  The  light  diffu- 
sively reflected  from  one  side  of  this 
globe  illuminates  a  flicker  photometer 
and  the  area  of  the  surface  exposed  to 
the  photometer  is  controlled  by  an 
iris  diaphragm.  This  claims  to  be  a 
direct  reading  instrument.  The  use 
of  the  flicker  photometer  renders  the 
apparatus  unsuitable  for  low  illumina- 


FiG.  122.— The  Martens  Photometer.  End  view, 
tions,  and  like  the  Harrison  instrument 
it  is  intended  mainly  for  candle-power 
photometry.  When  used  for  illumina- 
tion a  reflecting  screen  is  used  some- 
what in  the  same  position  as  that  of  the 
Martens  photometer.  The  Simmance- 
Abady  photometer  with  its  accessory 
apparatus  is  carried  about  on  a  wheeled 
carriage. 


{To  he  continued,) 


Forthcoming  Papers  before   the  Illuminating  Engineering 
Society  in  the  United  States. 


We  note  that  several  papers  of  excep- 
tional interest  are  to  be  read  at  the  next 
meeting  of  the  New  York  section  of  the 
Illuminating  Engineering  Society  on 
Thursday,  June  9th. 

Dr.  E.  B.  Rosa,  of  the  Bureau  of 
Standards,  Washington,  will  present 
a  paper  on  "  Photometric  Units  and 


Nomenclature  "  and  Dr.  C.  H.  Sharp 
and  Mr.  P.  S.  Millar,  of  the  Electrical 
Testing  Laboratories  of  New  York 
City,  will  deal  with  "  Incandescent 
Electiic  Lamps  as  Secondary  Standards 
of  Luminous  Intensity."  At  this  meet- 
ing the  annual  election  of  officers  will 
also  take  place. 
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A  Novel  Phys 

A  VERY  interesting  effect  was  recently 
described  by  Prof.  S.  P.  Thompson 
in  a  paper  read  before  the  Royal  Society 
on  April  14th.  The  physiological  effects 
of  the  electric  current  have,  of  course, 
been  known  for  many  years,  but  it  has 
been  left  to  Prof.  Thompson  to  show 
for  the  first  time  the  existence  of  a 
distinct  magnetic  effect. 

The  experiment  in  question  is  as 
follows.  A  powerful  solenoid,  of  suffi- 
cient diameter  to  enable  the  observer's 
head  to  be  inserted,  is  stimulated  by  an 
alternating  electric  current  producing 
a  powerful  concentrated  pulsating 
magnetic  field.  When  the  head  is 
placed  in  this  field  the  obser\rer  at  once 
becomes  conscious  of  a  throbbing 
flickering  sensation  coupled  with  a 
general  impression  of  faint  luminosity 
spread  over  the  field  of  vision.  It 
seems  to  be  assumed  that  the  effect 
of  the  pulsating  field  is  to  be  ascribed 
to  induced  currents.  So  well  marked 
is  the  effect  that  it  is  experienced  even 
in  daylight.  In  order  to  render  the 
phenomenon  very  evident,  however,  an 
exceptionally  powerful  dense  field  is 
needed  and  this  may  partly  explain 
why  the  effect  has  hitherto  been  over- 
looked. 

It  is  nevertheless  interesting  to  note 
that,  according  to  The  Electrical  World 
of  New  York,  there  were,  even  twenty 
years  ago,  certain  people  who  pro- 
fessed to  be  able  to  see  when  a  magnet 
was  excited,  though  their  claim  does  not 
appear  to  have  been  substantiated. 


ological  Effect. 

In  this  case,  however,  it  seems  to  haVe 
been  a  steady  and  not  an  inter- 
mittent field  so  that  the  effect,  if  it 
really  existed,  must  have  been  of  a 
different  kind.  A  more  probable  in- 
stance of  the  previous  experience  of  the 
sensation  is  that  furnished  by  the  evi- 
dence of  certain  workmen  in  nitrate 
factories  who  declared  that  they  could 
see  a  faint  flame  above  the  large 
coils  A^hen  they  were  excited  by  a 
powerful  alternating  current. 

It  is  perhaps  appropriate  that  this 
visual  effect  should  have  been  dis- 
covered by  the  First  President  of  the 
Illuminating  Engineering  Society.  It 
certainly  illustrates  the  fact  that  there 
may  exist,  unsuspected  by  us,  physio- 
logical effects  due  to  ethereal  dis- 
turbances— possibly  effects  of  vital 
importance.  We  have  frequently  re- 
ferred in  these  columns  to  the  possibility 
of  peculiar  kinds  of  radiation,  such  as,  for 
example,  the  ultra  violet  rays  exerting 
an  influence  on  the  human  organism, 
just  as  the  Rontgen  rays  are  now  known 
to  do.  It  will  also  be  recalled  that 
but  a  short  time  ago  a  discussion  took 
place  regarding  the  possibility  of 
physiological  action  on  the  part  of 
wireless  electrical  waves.*  In  experi- 
menting with  new  forms  of  energy, 
therefore,  this  possibilitj'"  should  be 
borne  in  mind,  and,  at  far  as  possible, 
due  precautions  taken. 


*  Ilium.  Engineer.,  London,  Vol.  II.,  1909, 
p.  278. 


Eyesight  in  the 

Something  like  one-third  of  the  men 
in  London  who  present  themselves  for 
enlistment  in  the  Territorial  Force 
have  to  be  rejected  owing  to  some 


Territorial  Force. 


physical  defect,  and  that  defect  is 
generally  of  vision,  said  Col.  H.  S. 
Coldicott,  of  the  Rangers. — The  Stand- 
ard, Jan.  24th,  1910. 
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The  Second  Municipal  and 

The  Second  Municipal  Health  Exhibi- 
tion was  held  at  the  Royal  Agricultural 
Hall,  London,  from  May  7th  to  the 
14th.  The  first  exhibition,  held  in  1908, 
is  stated  to  have  been  the  first  attempt 
to  provide  a  display  devoted  to  munici- 
pal interests. 

The  exhibition  was  the  means  of 
introducing  to  those  concerned  with 
municipal  matters  a  number  of  novelties 
in  connexion  with  sanitary  work,  road- 
making,  and  such  matters.  Special  in- 
terest was  shown  in  the  Model  Municipal 
Cottage  designed  for  the  exhibition  by 
Mr.  E.  C.  P.  Monson,  F.R.I.B.A.,  F.S.L, 
which  was  stated  to  cost  only  £160  to 
£175.  The  internal  and  external  walls 
and  partitions  were  stated  to  be  entirely 
fire-resisting  and  vermin-proof,  being 
constructed  of  "  Mack  "  plaster  slabs. 
Other  features  in  the  cottage  were  the 
provision  of  special  hot -water  ranges 
and  cooking  facilities.  Among  other 
exhibits  may    be    mentioned  water- 


Public  Health  Exhibition, 

proofing,  Doulton  steel  stoneware  piping, 
road  materials,  steel  shelving,  &c. 

One  could  have  wished  that  lighting 
apparatus  had  been  more  fully  ex- 
hibited, but  gas  and  petrol-air  gas  were 
represented  by  the  exhibit  of  the  Praed 
Patent  Safety  Gaslight  Co.,  in  which  a 
mixture  of  petroleum  vapour  and  air  is 
manufactured  and  utilized.  Reference 
was  made  to  the  system  in  this  journal 
on  the  occasion  of  the  previous  exhibi- 
tion in  1808.* 

Messrs.  Moffats,  Ltd.,  also  exhibited 
a  number  of  their  most  recent  types  of 
street  lamps,  including  the  new  1200 
CP.  self-intensive  type,  which  was 
also  recently  described. f  Yet  another 
gas  novelty  was  the  "  Automaton " 
lamplighter,  a  new  method  of  distance 
lighting  by  a  rise  in  pressure,  which  is 
dealt  with  elsewhere  in  this  number 
(see  p.  411). 

*  Ilium.  Eng.,  Lond.,  Vol.  1.,  June,  1908,  p.  488- 
t  Vol.  III.,  May,  1910,  p.  350. 


Lighting  a 

An  interesting  problem  in  illuminating 
engineering  was  referred  to  by  Mr.  G.  N. 
Stickney  in  a  recent  article  on  factory 
lighting  in  The  Electrical  Review  of 
New  York.  Adjoining  the  works  of  a 
leading  rifle  manufacturer  was  a 
220  yards  testing  range  on  which  experi- 
ments were  constantly  being  made  with 
new  models,  and  it  was  found  to  be 
rarely  possible  to  get  satisfactory 
results  on  this  range  with  artificial 
light.  On  examination  the  intensity  of 
artificial  illumination  on  the  targets 
proved  to  be  about  6  to  8  foot -can dies. 
This  might  have  been  considered  ample 
for  many  ordinary  requirements,  but  it 


Rifle  Range. 

was  not  so  in  this  case.  The  daylight 
illumination,  on  the  other  hand,  though 
naturally  varying  from  day  to  day,  was 
usually  in  the  neighbourhood  of  60  to 
70  foot-candles.  Eventually  an  im- 
proved system  of  artificial  illumination 
giving  about  30  foot-candles  was  intro- 
duced. This  proved  entirely  satis- 
factory, and  later  it  was  decided  to  use 
artificial  light  always  as  by  so  doing, 
an  invariable  and  steady  illumination 
could  be  relied  upon — a  matter  of  some 
consequence,  as  tests  on  different  days 
ought  to  be  comparable  one  with 
another. 
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(Pounded  in  London,  1909.) 

First  Annual  General  Meeting. 


The  Annual  General  Meeting  of  the 
Illuminating  Engineering  Society  was 
held  on  Monday,  May  23rd,  at  the 
house  of  the  Royal  Society  of  Arts, 
John  Street,  Adelphi,  London,  W. 
The  President,  Prof.  Silvanus  P. 
Thompson,  D.Sc,  F.R.S.,  being  in  the 
chair. 

Before  proceeding  to  the  business 
before  the  meeting  The  President 
alluded  to  the  great  loss  sustained  by 
the  nation  since  the  last  time  they 
had  met  together.  The  death  of  King 
Edward  had  united  all  in  a  common 
sorrow.  Yet  all  felt  that  the  bene- 
ficient  traditions  of  his  reign  would 
be  maintained  by  King  George,  and 
that,  he  like  his  father,  would  des^ote 
himself  unsparingly  to  the  welfare  of 
his  people. 

The  minutes  of  the  previous  meeting 
having  been  read  and  confirmed,  The 
President  next  called  upon  the  Hon. 
Secretary  to  read  the  names  of  appli- 
cants \for  meinbership  put  forward 
since  the  last  meeting  as  follows  : — 

Mr.  C.  O.  Bond,  Mr.  G.  Robson, 
Prof.  F.  K.  Richtmyer,  Mr.  E.  F. 
Spurrel,  Mr.  E.  S.  Thornton,  Mr.  R.  W. 
Weekes. 

Subsequently  the  names  of  gentlemen 
submitted  for  election  at  the  last 
meeting  were  again  announced  by  the 
Hon.  Sec,  and  the  President  declared 
them  formally  elected  members  of  the 
Society.* 

The  President  then  called  upon  the 
Hon.  Secretary  to  read  in  abstract  the 
Report  of  the  Council  for  the  year 
1909-10.  This  Report  will  be  found 
in  extenso  on  p.  379. 

The  President  said  there  was  no  need 
to  make  much  comment  upon  the  report, 
but  he  desired  to  mention  specially 
tv.'o  matters.  First  he  would  like  to 
point  out  the  illustration  of  the  extra- 
ordinary, degree  of  interest  in  the  doings 
of  the  Society,  which  was  afforded  by 
the  co-operation  of  foreign  correspond - 

*  A  list  of  these  names  will  be  found  on 
p.  300  of  The  Illuminatiny  Engineer ,  Lond.,  May, 


ing  members  representing  different  pro- 
fessions in  Europe  and  America. 

The  second  matter  to  which  he  wished 
to  refer,  was  in  relation  to  the  paragraph 
of  the  Report  dealing  with  the  future 
work  of  the  Editing  and  Papers  Com- 
mittee. They  hoped  to  have  papers 
which  would  interest  a  wide  circle  of 
non-technical  members — papers  which 
would  treat  phases  of  the  subject  of 
special  general  interest.  In  this  way 
they  hoped  to  enlist  as  members  a 
great  many  more  of  those  who  were  not 
actively  engaged  in  considering  the 
purelj'  engineering  aspects  of  illu- 
mination, such  as  architects,  members 
of  the  medical  profession,  &c. 

Mr.  J.  G.  Clark  moved  the  adoption 
of  the  report,  and  emphasized  the 
important  work  which  lay  before  the 
Society. 

Dr.  R.  Lessing  seconded  the  motion, 
and  the  report  was  adopted  unani- 
mously. 

The  President  then  introduced  the 
two  following  resolutions,  which  had 
been  passed  %  the  Council,  and,  which 
were  submitted  to  the  meeting  for 
adoption  : — 

(1)  That  the  first  sentence  of  Article  8. 
in  the  Constitution  of  the  Society, 
which  at  present  reads  "  The  President 
shall  hold  ofhce  for  one  year  only, 
but  shall,  after  the  lapse  of  a  year,  be 
eligible  for  re-election  "  shall  be  modified 
as  follows  : — 

The  President  shall  hold  office  for 
one  year  and  shall  then  be  eligible 
for  re-election ;  but  his  period  of 
office  shall  not  exceed  three  successive 
years. 

(2)  That  Article  25  in  the  Constitu- 
tion of  the  Society,  relating  to  the 
payment  of  Subscriptions,  should  be 
modified  as  follows  : — 

Subscriptions  shall  be  dated  quarterly 
becoming  due  in  the  quarter  of  the  year 
in  which  the  member  joins  the  Society. 

Continuing,  the  President  said  it 
was  prescribed  that  the  present  council 
should  remain  in  office  for  three  years, 
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but  provision  was  also  made  for  the 
addition  of  new  members  from  time 
to  time,  and  it  was  proposed  to  add 
three  members,  viz..  Dr.  W.  J.  Ettles, 
Pathologist  of  the  Royal  Eye  Hospital, 
Mr.  A.  Stokes,  Chief  Outdoor  In- 
spector of  the  South  Metropolitan  Gas 
Co.,  and  Mr.  A.  H.  Seabrook,  Chief 
Engineer  to  the  Marylebone  Borough 
Council  Electricity  Department. 

In  moving  the  first  of  these  resolu- 
tions Mr.  R.  I.  Wallis  Jones  alluded 
to  the  very  great  honour  enjoyed  by 
the  Society  in  Prof.  S.  P.  Thompson 
having  consented  to  act  as  their 
President  a  second  time.  The  great 
success  of  the  Society  was  very  largely 
due  to  his  efforts — efforts  which  had 
been  generously  put  forth  in  spite  of 
his  being  a  very  busy  man.  He 
thought  the  Council  had  acted  wisely 
in  altering  the  Articles  of  Association, 
and  concluded  by  expressing  a  hope 
that  Dr.  Thompson  would  be  their 
President  for  yet  a  third  year.  The 
resolution  was  seconded  by  Dr.  A.  Levy 
and  adopted  unanimously. 

The  re-election  of  Prof.  Thompson  as 
President  for  the  ensuing  session  having 
been  carried  with  acclamation,  Mr. 
R.  I.  Wallis  Jones  also  proposed  a 
vote  of  thanks  to  the  President  for 
his  ser\rices  during  the  past  session, 
which  was  seconded  by  Mr.  J.  F.  Cox, 
and  was  also  carried  unanimously. 

The  President  thanked  the  members 
for  having  referred  in  such  kind  terms 
to  his  efforts,  and  for  having  re- 
elected him  for  a  second  period  of 
office.  He  would  be  only  too  happy 
to  do  all  that  he  could  to  further  its 
interests,  even  should  he  not  find  it 
possible  to  devote  quite  as  much 
time  to  the  affairs  of  the  Society  as  he 
had  done  in  the  past,  whilst  the 
Society  was  in  its  first  stages. 

The  Second  Resolution  was  then 
moved  by  Mr.  Haydn  T.  Harrison,  and 
.seconded  by  Mr.  W.  Okey,  and  de- 
clared carried  unanimously. 

A  vote  of  thanks  to  the  Council  and 
( fficers  of  the  Society  was  then  moved 
})y  Mr.  0.  P.  McFarlan,  seconded  by 
Mr.  Palowker. 

The  President,  in  putting  this  vote 
to  the  meeting,  referred  in  compli- 
mentary terms  to  the  services  rendered 


by  the  Hon.  Secretary  and  his  Assistant, 
and  asked  Mr.  L.  Gaster  to  reply  on 
behalf  of  the  Council. 

Mr.  L.  Gaster,  Hon.  Sec,  thanked  the 
President  and  the  members  for  the 
kind  manner  in  which  they  referred  to 
his  services,  and  added  that  it  had  been 
a  great  pleasure  to  him  to  work  with 
such  a  harmonious  Council.  The 
Society  could  rely  upon  the  Council 
doing  its  utmost  to  further  its  interests, 
and  secure  the  success  of  the  movement. 
It  was  expected  that  all  members  would 
do  what  they  could  {to  increase  still 
further  the  influence  and  membership 
of  the  Society. 

Before  the  conclusion  of  formal  busi- 
ness, The  President  referred  in  terms 
of  regret  to  the  death  of  Dr.  M.  Cor- 
sepius,  who  was  for  sometime  Professor 
at  Dresden,  and  later  at  Cologne.  Dr. 
M.  Corsepius  was  a  valued  corre- 
sponding member  of  the  Illuminating 
Engineering  Society,  and  had  only 
quite  recently  made  several  interesting 
contributions  to  its  discussions.  He 
had  been  responsible  for  a  number  of 
well-known  researches  in  connexion 
with  photometry,  and  had  taken  a 
keen  interest  in  the  Society. 

It  was  then  announced  that  Mr.  A. 
Denman  Jones  and  Mr.  Yal.  Mac- 
kinney  had  been  appointed  Honorary 
Auditors  to  the  Society. 

The  President  added  that,  the  finan- 
cial year  ending  on  December  31st, 
1910,  the  accounts  would  be  duly 
audited  previous  to  the  next  Annual 
Meeting,  and  the  balance-sheet  would 
be  presented  on  that  occasion. 

A  resolution  was  also  moved  by 
Mr.  A.  H.  Seabrook,  seconded  by- 
Mr.  J.  E.  Edgcome,  and  carried 
unanimously,  thanking  the  Royal 
Society  of  Arts  for  the  courteous 
permission  to  use  its  rooms  for  the 
meetings  of  the  Illuminating  Engineer- 
ing Society  and  expressing  appreciation 
of  its  encouragement  and  support. 

The  President  then  called  upon  Mr. 
Haydn  T.  Harrison  and  Mr.  J.  S.  Dow 
to  describe  two  new  photometric  in- 
struments. 

Mr.  Haydn  T.  Harrison  then  de- 
scribed and  demonstrated  an  instru- 
ment which  he  has  lately  invented, 
which  he  termed  an  "  illuminometer,"  as 
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the  degree  of  illumination  is  indicated 
on  the  scale  without  any  adjustment 
or  movement  of  parts  by  the  operator. 

The  'construction  consists  of  a  long, 
narrow  box,  the  lid  of  which,  when 
opened,  exposes  a  long,  white  screen 
marked  with  a  scale  divided  into  candle- 
feet.  This  scale  is  partly  translucent 
and  partly  opaque.  A  standard  lamp 
fixed  in  one  corner  of  the  box  is  within 
about  2  in.  of  the  screen  and  throws 
its  rays  directly  on  it,  and  over  I  ft. 
from  the  other  end  of  the  screen,  throw- 
ing its  rays  at  an  angle  of  only  a  few 
degrees  from  it.  This  degree  of  illu- 
mination, as  seen  from  the  translucent 
screen  varies  enormously  in  the  instru- 
ment exhibited — from  100  candle-feet 
to  0.2  candle-feet.  By  placing  the 
screen  at  the  point  where  it  is  desired 


the  apparatus  itself,  Mr.  Harrison  was 
able  to  demonstrate  its  use  by  first 
laying  the  instrument  on  the  President's 
desk.  The  President  was  then  able  to 
state  that  the  illumination  at  that 
point  was  L8  candle-feet.  Mr.  Harri- 
son then  held  it  against  one  of  the 
paintings,  and  the  degree  of  illumina- 
tion was  visible  to  the  members  and 
others  collected  in  the  hall,  who  agreed 
fairly  closely  on  the  reading. 

Carrying  the  instrument  round,  Mr. 
Harrison  was  able  to  demonstrate  the 
degree  of  illumination  at  various  points 
and  also  that  the  range  of  the  instru- 
ment was  such  as  to  make  it  available 
for  daylight  as  well  as  artificial  lighting. 

Finally,  he  showed  how,  by  holding 
it  a  definite  distance,  say,  3-. 33  ft. 
from  a   source  of  light,  it  actually 


A=Minimum  distance  of  screen  from  standard  lamp  say  -1  ft, 

B=Maximum     „  „  ,.         „         II  ft. 

^=Angle  of  incidence  say  7*'',  Cos  6='12 

S=Screen. 

L   Small  glow  lamp. 


Then,  if  the  CP.  of  the  standard  lamp  be  unity 

1  1 


the  maximum  reading  on  the  scale  =  -12 

1 


the  minimum       „  „ 

to  ascertain  the  illumination,  it  is 
easily  measured  by  noting  the  point 
at  which  the  illumination  of  the  trans- 
lucent screen  blends  with  that  of  the 
opaque  part  of  the  screen  as  illu- 
minated by  the  external  source. 

Mr.  Harrison,  in  his  remarks,  men- 
tioned that  the  President  having  stated 
at  a  previous  meeting  that  a  simple 
instrument  of  this  description  was 
urgently  needed,  had  set  him  thinking 
of  how  it  could  be  easily  and  cheaply 
constructed,  which  resulted  in  the 
instrument  he  exhibited  at  the  meeting. 

The  battery  supplying  current  to  the 
standard  cell  being  a  small  pocket 
accumulator  connected  by  fiexible  to 


1-1 


01 

2XC0S  d 


=100  foot-candles. 
1 


1-2 


X  -12  =  -1  foot-candles. 


indicated  the  candle-power  of  the 
source. 

Mr.  Harrison  concluded  his  remarks 
by  marking  on  the  blackboard  the 
adjacent  diagram,  which  graphically 
shows  the  means  by  which  the  large 
range  is  obtainable. 

Mr.  J.  S.  Dow  said  that  the  instru- 
ment he  was  going  to  show  had  been 
devised  by  himself  and  Mr.  V.  H. 
Mackinney  with  a  view  to  studying 
the  surface  -  brightness  or  intrinsic 
brilliancy  of  illuminated  surfaces.  He 
wished  to  express  his  indebtedness 
to  the  kindness  of  Mr.  Konrad  Beck, 
who  had  put  together  this  model 
at     extremely    short    notice.  He 
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thought,  however,  that  the  principle, 
which  w^as  somewhat  novel,  would  be 
found  of  some  interest. 

The  idea  of  the  instrument  is  to 
enable  an  observer  to  measure  the 
surface -brightness  of  any  surface  by 
comparing  it  direct  with  a  standard 
illuminated  white  one.  The  manner 
in  which  this  is  done  will  be  under- 
stood from  the  diagram  (see  Fig.  1). 
The  observer,  with  his  eye  at  E,  looks 
direct  at  the  illuminated  surface  Sand 
sees,  through  an  aperture  therein,  the 
illuminated  surface  to  be  studied — for 
example,  a  picture,  or  some  object  in  a 
shop  window.  The  surface  S  is  illu- 
minated by  an  opal  glass  screen  at  0. 
Behind  this  is  a  small  metallic  filament 
glow^-lamp  at  .a  sufficient  distance  to 
render  the  screen  of  uniform  brilliancy. 


can  gradually  reduce  the  illumination 
still  further  by  also  bringing  over  the 
lever  B.  This  exactly  resembles  A 
with  the  exception  that  there  is  no  ring 
cut  out.  In  doing  so  we  gradually 
cut  off  the  illuminated  portion  of  the 
opal  plate  still  left  exposed  and  reduce 
the  illumination  uniformly  from  O'l  to 
0.  The  lever  B  travels  on  a  second 
scale  immediately  above  that  of  A, 
graduated  from  0"1  to  zero. 

In  actually  using  the  instrument 
one  would  adjust  the  position  of  the 
glow  lamp  illuminating  the  opal  plate 
until  the  brightness  of  the  white  surface 
S  (as  compared  with  another  similar 
white  surface  illuminated  by  a  standard 
lamp  at  a  specified  distance)  is,  say, 
exactly,  one  foot-candle.  One  would 
then  fix  the  lamp  in  this  position  and 


Fig.  1. 


The  method  of  altering  the  illumina- 
tion of  S  is  somewhat  unusual.  The 
screen  S  (see  Fig.  2)  is  covered  by  an 
opaque  diaphragm  D,  which  only  allows 
a  sector  to  be  exposed.  In  front  of  this 
evenly  illuminated  sector  two  corre- 
sponding opaque  screens,  attached  to 
levers  A  and  B,  can  be  made  to  pass. 
As  the  screen  A  is  moved  in  front  of  the 
sector  its  area,  and  therefore  its  intensity 
as  a  light-source  will  be  uniformly 
diminished  from  say  1  to  O'L  The 
remaining  intensity,  0*1,  is  derived 
from  the  part  of  the  surface  still  visible 
through  the  ring  R.  The  area  of  R  is 
arranged  to  be  exactly  LlOth  of  the 
total  area  of  the  bright  sector.  The 
lever  attached  to  A  therefore  travels 
on  an  (equally  divid(  d  circular  scale  with 
9  divisions  from  1  to  01. 

Having  drawn  across  the  lever  A,  we 


regard  the  scales  as  registering  in  foot- 
candles.  It  is  expected  that  the  range 
of  the  instrument  will  be  extended  by 
the  use  of  standard  dark  glasses  in  front 
of  the  aperture  cutting  off  exactly 
one-tenth  or  one-hundredth  of  the  light 
from  the  surface  studied. 

In  an  instrument  of  this  kind  it  is,  of 
course,  a  distinct  advantage  to  secure 
a  uniformly  divided  scale.  But  it  need 
scarcely  be  added  that  the  principle 
relied  upon  involves  several  assump- 
tions, affecting  the  uniformity  of  the 
brightness  of  the  opal  plate,  &c.,  which 
require  to  be  verified.  As  far  as  we 
have  been  able  to  test  this  matter  at 
present,  we  have  reason  to  expect  that 
the  correctness  of  the  scale  will  attain 
the  standard  desirable  in  these  instru- 
ments. Another  question  that  may  be 
raised  is  the  possibihty  of  the  reading 
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being  affected  by  the  distance  from  the 
eye  of  the  surface  examined.  Where 
v^ery  large  distances  are  concerned  this 
might  well  be  so,  but  it  appears  that 
under  ordinary  conditions,  involving 
surfaces  distant  about  3  to  10  ft. 
there  is  no  very  material  difference 
introduced. 

A  word  or  two  may  be  said  regarding 
the  units  in  which  the  scale  ought  to  be 
calibrated.  Strictly  speaking,  the 
instrument  measures  "  surface  bright- 
ness "  or  "  intrinsic  brilliancy."  This 
may  be  expressed  in  either  of  two  ways 
(to  which  Prof.  L.  Weber  has  recently 
made  allusion*),  i.e.,  in  terms  of 
"  candles  per  square  centimetre  "  or  in 
terms  of  the  illumination  in  lux  or 
foot-candles  which  a  truly  white  surface 
would  have  to  receive  in  order  to  have 
an  equivalent  brightness.  Were  the 
instrument  used  to  study  the  intrinsic 
brilliancy  of  sources  of  light  and  such 
like  brilliant  surfaces,  the  former  sys- 
tem might  be  used,  but  it  is  probably 
less  serviceable  for  specifying  the 
brightness  of  the  illuminated  page  of  a 
book,  or  picture,  &c.,  and  for  most 
ordinary  purposes  the  latter  "  second- 
ary "  unit  is  preferable. 

Next  as  regards  the  use  of  the  instru- 
ment.   It  is  clear  that  its  chief  dis- 
tinction   from    the    ordinary  photo- 
metrical  apparatus  is  that  it  takes 
into   account    a  greater  number  of 
circumstances.    For  example,  were  we 
to  utilise  it  to  study  the  conditions  in  a 
school  we  should  point  the  instrument 
at  the  illuminated  book  at  the  same 
inclination  and  in  the  same  direction 
as   that   in  which  the   child  would 
naturally    look    when    reading.  The 
resulting  measurement  would  give  the 
apparent  brightness  of  the  book  as 
seen  by  the  eye  of  the  reader  and  would 
depend  upon  the  intensity  of  illumina- 
tion, the  coefficient  of  reflection  of  the 
material  of  the  page,  and  the  angle 
at  which  the  book  is  held.    For  this 
reason,  while  it  gives  us  the  actual 
conditions  more  closely  than  an  illu- 
mination photometer  of  the  usual  type 
would  do,  it  must  be  used  by  an 
observer  who  clearly  understands  what 


*  Illuminatiny  Engineer,  Vol.  III.,  Feb.,  1910, 
p.  116. 


he  desires  to  measure  and  appreciates 
the  number  of  factors  concerned. 

An  advantage  of  this  instrument  is 
that  there  is  no  necessity  actually  to 
place  the  photometer  on  the  spot 
studied.  For  example,  one  can  carry 
this  portable  apparatus  (which  is  only 
about  6  X  2  x  3  in.)  through  the  streets 
and  gain  information  about  the  Hghting 
of  shop-windows  by  studying  the 
apparent  brightness  of  the  goods  seen 
through  the  windows.  We  can  also 
examine  the  contents  of  glass  cases,  &c., 
to  which  it  is  inconvenient  to  get 
access.  One  can  also  very  easily  and 
quickly  determine  the  reflecting  power 
of  any  surface  comparing  its  bright- 
ness with  that  of  a  small  adjacent 


standard  material.  It  should^  be 
specially  serviceable  for  measuring  the 
brightness  of  luminous  signs,  advertise- 
ments, pictures,  notices,  and  other 
objects  which  must  be  inspected  at  a 
distance. 

At  the  same  time  the  instrument 
can  be  used  as  an  ordinary  illumination- 
photometer  by  merely  examining  the 
brightness  of  a  standard  white  surface 
placed  in  the  locality  to  be  illuminated. 
The  use  of  a  small  surface  of  this  kind 
has  several  advantages  ;  it  can  easily 
be  placed  in  a  vertical  or  horizontal 
position  at  any  angle,  and  in  corners 
and  inaccessible  spots  in  which  a 
photometrical  apparatus,  however  small 
and  compact,  could  not  readily  be 
placed  and  observed.  Thus  one  can 
obtain  the  intensity  of  illumination 
on  a  vertical  bookshelf  or  inside  a  box 
or  small  recess  ;  this  is  certainly  an 
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inconv^enient  thing  to  do  with  most  of 
the  existing  types  of  instruments. 

And  lastly  it  may  be  hoped  that  in 
the  future  instruments  of  this  class 
will  be  found  of  service  in  studying  the 
intrinsic  brilliancy  of  sources  of  light, 
shades,  and  reflectors,  &c.  Certainly 
the  brilhancy  of  such  surfaces  far 
exceeds  that  of  the  illuminated  objects 
in  an  ordinary  artificially  lighted 
interior,  but  the  use  of  a  suitable  dark 
glass  should  enable  them  to  be  measured 
with  very  fair  accuracy. 

The  President,  in  commenting  on 
the  two  types  of  instraments  ex- 
hibited remarked  that  it  had  been  the 


good  fortune  of  the  Society,  at  each 
of  its  meetings,  to  have  some  new  form 
of  apparatus  described.  While  differ- 
ing somewhat  in  their  functions  from 
the  ordinary  photometrical  instru- 
ments both  these  pieces  of  apparatus 
had  their  distinctive  uses,  and  their 
future  application  would  be  noted  with 
interest. 

The  President  then  announced  that 
the  first  meeting  of  the  next  session 
would  be  held  on  Tuesday,  NoYember 
1st,  and  that  the  nature  of  the  pro- 
ceedings on  this  occasion  would  be 
announced  in  due  course. 


(Pounded  in  London  1909.) 

The  Distribution  of  Energy  in  the  Spectra  of  lUuminants. 

DISCUSSION.  {Communicated.) 


Mr.  A.  Denman  Jones:  The  paper 
by  Dr.  Coblentz  published  in  the  last 
two  issues  of  The  Illuminating  Engineer 
will  be  of  great  interest  to  the  manu- 
facturers of  modern  illuminants. 

So  far  the  most  efficient  method  of 
using  the  selective  emission  of  various 
elements  has  been  by  the  use  of  chemi- 
cals in  the  arc  of  an  electric  lamp. 
Calcium  is  used  as  a  base  of  most 
modern  chemical  arc  lamps.  This 
metal  will  give  broad  bands  in  the 
spectrum  in  contradistinction  to  the 
thin  lines  given  hy  many  elements, 
notably  by  iron. 

It  would  be  of  great  interest  if  Dr. 
Coblentz  could  clear  up  some  of  the 
obscure  points  in  connection  with 
selective  emission.  It  is  well  known 
that  calcium  when  heated  in  a  Bunsen 
flame  gives  a  light  of  brick  red  colour  ; 
when  heated  to  the  higher  temperature 
of  the  arc  this  light  changes  to  orange 
or  yellow  colour.  The  law  seems 
nearly  universal  that  a  higher  tempera- 
ture produces  a  light  nearer  the  violet 
end  of  the  spectrum  than  is  produced 
by  a  low  temperature  even  when  the 
emission  of  light  is  selective.  This 
appears  due  more  to  the  lines  near  the 
violet  end  brightening  in  intensity  than 
to  an  actual  shifting  of  the  lines. 


Particularly  interesting  phenomena 
are  observed  when  an  arc  is  fed  with 
varying  quantities  of  calcium  com- 
pounds ;  a  small  amount  of  calcium 
will  give  comparatively  narrow  bands 
which  are  greatly  broadened  and  the 
light  consequently  increased  as  the 
arc  becomes  more  rich  in  calcium  com- 
pounds. The  increase  in  light  efficiency 
is  not,  however,  dependent  only  upon 
the  amount  of  calcium  salts  present. 
Few  commercial  chemical  arc  carbons 
use  a  pure  calcium  compound,  it  is 
generally  necessary  to  use  other  com- 
pounds in  addition  in  order  to  obtain 
a  good  efficiency. 

Much  work  has  been  undertaken  in 
connection  with  incandescent  gas 
mantles  and  in  these  it  has  been  found 
that  neither  pure  cerium  nor  pure 
thorium  compounds  will  give  a  good 
efficiency.  It  is  necessary  to  have  a 
slight  percentage  of  both  present.  The 
highest  efficiency  of  chemical  arc  lamps 
is  obtained  in  the  same  way  by  the 
addition  of  small  quantities  of  com- 
pounds apart  from  the  calcium,  but 
the  reason  of  this  mixture  is  not  at 
all  apparent.  Is  it  possible  that  some 
form  of  chemical  combination  and 
dissociation  is  continually  taking  place 
to  cause  the  production  of  hght  ? 
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(Founded  in  London,  1909.) 

N'ew  Af embers  of  Council. 

At  the  Annual  General  Meeting  of  the  Illuminating  Engineering  Society,  held  at 
the  House  of  the  Royal  Society  of  Arts,  on  May  23rd,  1910,  the  names  of  the 
following  three  additional  Members  of  the  Council  were  announced : — 

Ettles,  Dr.  W.  Ophthalmic  Surgeon,  Pathologist  to  the  Royal  Eye  Hospital, 

London. 

Stokes,  A.  Chief  Outdoor  Inspector  of  the  South  Metropolitan  Gas 

Company. 

Seabrook,  A.  H.  General  Manager  of  the  Borough  of  St.  Marylebone  Electric 

Supply. 


^ew  Members  of  the  Society. 

The  names  of  the  applicants  for  membership,  read  out  at  the  previous  meeting 
on  April  14th,  were  formally  announced  for  the  second  time,  and  these  gentlemen 
were  declared  Members  of  the  Illuminating  Engineering  Society.* 

In  addition  the  names  of  the  following  gentlemen  have  been  duly  submitted 
and  approved  by  the  Council,  and  were  read  out  by  the  Hon.  Secretary  at  the 
Meeting  of  the  Society  on  May  23rd,  1910: — 


Bond,  C.  O. 
Robson,  G. 

Richtmyer,  Prof.  F.  K. 

Spurrel,  E.  F. 
Thornton,  E.  S. 

Weekes,  R.  W. 
MJ.E.E. 


Manager  of  the  United  Gas  Improvement  Co.,  Photometrical 
Laboratory,  Philadelphia,  U.S.A. 

Managing  Director  of  "  Auto  ''  Lighter,  Ltd.,  Albion  House, 
59-61,  New  Oxford  Street,  London,  W. 

Instructor  of  Physics,  Cornell  University,    108,  Linden 
Avenue,  Ithaca,  N.Y.,  U.S.A. 

Borough  Surveyor  of  Holborn,  London,  E.C. 

Director  of  Messrs.  W.  Sugg  &  Co.,  Vincent  Works,  Regency 
Street,  London,  S.W. 

Consulting   Engineer,    Maxwell   House,    Arundel  Street, 
Strand,  London,  W.C. 


Corresponding  Member 
A.  Besso  (Berne,  Switzerland.) 


*  A  list  of  these  names  will  be  found  on  p.  .300  of  The  Illuminating  Engineer,  Lond.,  May,  1910. 
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Dr.    M.  Corsepius. 

It  is  with  sincere  regret  that  we  record  the  death  of  Dr.  M.  Corsepius, 
at  the  early  age  of  45  years,  on  Sunday,  May  10th. 

Dr.  M.  Corsepius,  as  Professor  at  the  Technical  Engineering  Schools 
of  Cologne,  had  a  deserved  reputation  for  his  work  in  connexion  with 
electrical  engineering  and  his  researches  on  photometry,  especially  in 
connexion  with  the  use  of  the  Ulbricht  sphere,  were  known  and  valued  in 
this  country  as  well  as  in  Germany. 

He  had,  indeed,  always  taken  a  keen  interest  in  questions  connected 
with  lighting,  and  had  given  his  actual  support  to  the  Illuminating 
Engineering  Society,  of  which  he  was  a  distinguished  corresponding 
member,  and  to  the  discussions  of  which  he  had  already  made  frequent 
and  valuable  contributions. 

Members  of  the  Illuminating  Engineering  Society  and  all  those 
interested  in  the  progress  of  illuminating  engineering  will  join  in  this 
expression  of  regret  and  in  tendering  their  respectful  sympathy  with  his 
relatives. 


Mr.  Alfred  Colson. 

Our  readers  will  also  learn  with  regret  of  the  death  of  Mr.  A.  Colson, 
Chief  Engineer  and  Manager  of  the  Leicester  Corporation  Gas  and 
Electricity  Department,  who  was  also  a  member  of  the  Illuminating 
Engineering  Society. 

Holding  as  he  did  a  responsible  position  in  connexion  with  a 
combined  gas  and  electricity  undertaking,  Mr.  Colson  naturally  sym- 
pathized with  a  movement  for  the  benefit  of  illumination  in  its  broadest 
sense.  By  his  successful  administration  of  the  engineering  and  business 
departments  of  his  work  Mr.  Colson  won  general  esteem  and  was  well 
known  and  respected  both  in  the  electrical  engineering  and  gas  industries. 
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(Founded  in  London,  1909). 

Report  of  the  Council  for  the  Session  1909-10. 

(Presented  at  the  First  Annual  General  Meeting  of  the  Society,  held  at  the  Royal  Society  of  Arts,  John 
Street,  Adelphi,  W.C.,  on  Monday,  May  23rd,  1910.) 

INTRODUCTOEY. 


This  report  marks  the  termination  of 
the  work  of  the  •  first  session  of  the 
Illuminating  Engineering  Society.  The 
aims  and  objects  of  the  Society  have 
already  been  summarized  in  the  address 
delivered  by  the  President  at  the 
inaugural  meeting  on  November  18th, 
1909,  and  in  the  Report  of  the  Council 
presented  on  that  occasion.* 

Briefly,  it  may  here  be  recalled 
that  the  main  object  of  the  Society 
is  the  provision  of  an  international  and 
impartial  platform  where  all  problems 
relating  to  illuminating  engineering 
can  be  discussed.  The  Society  was 
created  in  order  to  bring  together 
engineers,  architects,  members  of  the 
medical  profession,  and  others,  who  are 
interested  in  various  aspects  of  lighting, 
so  that  they  might  exchange  views 
and  help  to  bring  about  better  condi- 
tions of  illumination.  No  organization 
with  this  aim  had  previously  existed 
in  this  country ;  and  so  novel  was  the 
idea,  when  originally  presented,  that 
there  were  some  who  doubted  the 
possibility  of  bringing  together  the 
different  experts  in  this  way.  Yet 
this  has  been  carried  out  most  success- 
fully. There  were  originally  a  few  who 
objected  to  the  formation  of  the  Illu- 
minating Engineering  Society,  deterred 
by  a  presumed  difficulty  in  finding 
sufficient  material  for  discussion  or  in 
securing  friendly  co-operation  between 
those  interested  in  rival  illuminants. 
Those  responsible  for  the  movement, 
however,  felt  convinced  that  these 
difficulties  would  melt  away  when  once 
the  Society  came  into  existence. 

The  Illuminating  Engineering  Society 
having  now  completed  its  first  session, 

*  Illuminating  Engineer,  London,  December, 
1909,  pp.  813,  825. 


it  may  be  said  at  once  that  the  antici- 
pations of  the  Council  have  been  fully 
realized.  Although  the  membership  of 
the  Society  is  of  a  widely  representative 
character,  the  periodical  meetings,  both 
of  the  Society  and  of  the  Council,  have 
been  of  an  entirely  amicable  nature. 
At  the  same  time,  the  Society  has 
been  confronted  not  by  any  diffi- 
culty in  finding  matter  to  discuss,  but 
by  the  impossibihty  of  doing  justice 
to  even  small  sections  of  the  subject 
in  the  time  at  their  disposal.  The 
matters  so  far  discussed  have  proved  to 
be  far  too  rich  in  suggestion  to  be  com- 
pletely disposed  of  in  a  single  meeting 
or  even  a  single  session ;  and  the  Society 
has  already  before  it  a  vista  of  useful 
work  to  be  accomplished  in  the  course 
of  the  next  few  years. 

There  has  been  on  all  sides  a  steady 
growth  of  interest  in  questions  of 
lighting,  and  the  Council,  in  its  report 
of  1909,  laid  stress  on  the  number  of 
occasional  articles  dealing  mth  illu- 
mination which  sporadically  appeared 
in  the  various  scientific  and  technical 
journals.  Since  that  date  it  has 
been  gratifying  to  observe  that  a 
number  of  lectures  and  papers  deal- 
ing with  various  aspects  of  lighting 
have  been  delivered  before  different 
technical  societies,  such  as  the  Institu- 
tions of  Electrical  Engineers  and  the 
various  Gas  Associations,  the  Society  of 
Architects,  the  Association  of  Foremen 
Engineers  and  Draughtsmen,  &c.  ; 
these  invariably  gave  rise  to  keen 
discussions.  Special  reference  may  be 
made  to  the  series  of  lectures  on 
illumination  recently  dehvered  by  the 
President  of  the  Illuminating  Engineer- 
ing Society  before  the  Royal  Institution, 
and  to  the  Christmas  lectures  of  Mr. 
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W.  Duddell  in  the  same  Institution. 
Even  in  the  learned  societies  devoted 
mainly  to  special  scientific  matters, 
the  subject  of  illumination  receives 
important  recognition.  . 

The  meetings  of  the  Society  now 
receive  widespread  and  regular  notice 
in  the  press.  And,  what  is  equally 
gratifying,  the  fundamental  ideas 
in  which  the  society  is  interested 
have  spread  in  all  directions,  so  that 
it  is  to-day  almost  impossible  to  take 
up  a  technical  journal  without  finding 
some  aspect  of  the  question  of  illu- 
mination discussed. 

Development  in  street  lighting  has 
been  much  to  the  fore.  Through- 
out the  country  public  interest  in  this 
question  seems  to  have  been  aroused, 
and  a  higher  standard  of  illumination 
will  undoubtedly  be  demanded  in  the 
future. 

As  the  public  interest  in  these  matters 
becomes  keener,  and  a  knowledge  of  the 
requirements  of  good  illumination 
becomes  more  widely  extended,  the 
importance  of  weighing  carefully  the 
merits  of  the  different  systems  of 
illumination,  and  the  value  of  impartial 
expert  opinion  will  doubtless  come  to  be 
more  fully  appreciated. 

It  may  also  be  mentioned  that  the 
Committee  on  Photometry  of  the  Ver- 
band  Deutscher  Elektrotechniker,  in 
Germany,  has  just  issued  a  series  of 
tentative  recommendations  regarding 
the  measurement  of  illumination  in  open 
places  and  in  interiors .  These  recom- 
mendations form  an  important  prece- 
dent and  a  basis  of  working.  They  have 
now  been  submitted  to  the  Deutscher 
Verein  von  Gas  und  Wasserfachmannern 
with  a  view  to  common  agreement. 
This  again  affords  an  illustration 
of  the  growing  desire,  on  the  part  of 
gas  and  electrical  engineers,  for  agree- 
ment on  some  common  basis  in  the 
measurement  of  light  and  illumination 
— an  agreement  which  the  Illuminating 
Engineering  Society  should  do  much  to 
foster  in  this  country. 

Another  tendency  that  is  observable 
at  the  present  time  is  the  inclination 
on  the  part  of  contractors  and  gas  and 
electrical  supply  companies  to  take 
more  interest  than  formerly  in  the  actual 
conditions  of  illumination  enjoyed  by 


the^consumeij'^aiid  to  give  advice  as  to 
the  best  arrangements  of  his  lights. 
The  measurement  of  illumination  will 
doubtless  play  a  most  important  part 
in  schemes  of  lighting  in  the  future  and 
the  payment  for  electricity  on  the  basis 
of  illumination  supplied  is  now  coming 
to  be  regarded  as  ho  mere  visionary 
prospect.  The  Illuminating  Engineer- 
ing Society^  therefore,  acting  as  a 
centre  of  information  on  these  matters, 
welcomes  the  co-operation  of  all  those 
engaged  in  the  supply  of  illumination 
to  the  general  public. 

It  may  also  be  noted  that  the  most 
recently  issued  reports  of  the  Medical 
Officer  of  the  Education  Department  of 
the  London  County  Council  and  of  the 
Factory  Department  of  the  Home 
Office  contain  an  increasing  number  of 
references  to  the  need  for  good  illumina- 
tion in  schools  and  workshops.  Here 
again  we  see  the  recognition  gaining 
ground  that  illumination,  like  good 
sanitary  conditions,  water  supply,  and 
ventilation,  is  a  hygienic  necessity 
and  not  a  luxury.  Our  Society  is 
anxious  to  provide  opportunities  for 
the  discussion  of  such  questions,  and 
to  bring  together  those  interested  in 
lighting  appliances  and  those  con- 
cerned with  the  maintenance  of  good 
hygienic  illumination. 

The  desirability  of  better  educational 
facilities  in  connexion  with  photometry 
and  illumination  at  technical  institu- 
tions and  colleges  has  also  been  much 
discussed.  At  the  meetings  of  the 
Society  the  general  opinion  has  been 
that  the  present  arrangements  leave 
much  to  be  desired.  We  understand, 
however,  that  a  movement  is  on  foot  to 
secure  an  improvement  in  this  respect, 
and  that  a  commencement  in  the 
direction  of  organizing  lectures  on  the 
subject  will  be  made  shortly. 

INCREASED   MEMBERSHIP  AND 
SUPPORT. 

During  the  few  months  which  have 
elapsed  since  the  Inaugural  Meeting 
the  influence  and  membership  of  the 
Society  has  been  steadily  extended. 
The  number  of  members  which  at  the 
end  of  November,  1909,  was  about 
150,  now  exceeds  220. 
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Even  more  satisfactory  than  this 
numerical  increase  is  the  fact 
that  the  Society  has  been  able  to 
secure  the  co-operation  of  many 
leaders  in  different  professions  and 
in  different  countries.  Indeed,  it  may 
be  questioned  whether  any  Society  has 
existed  which,  at  so  early  a  stage, 
could  show  among  its  members  such  a 
full  complement  of  authorities  on  the 
various  aspects  of  the  subject  with 
which  it  proposes  to  deal. 

It  is  also  satisfactory  to  note  that 
the  representative  nature  of  the  mem- 
bership has  been  fully  maintained,  that 
the  different  systems  of  lighting  are 
well  represented,  and  that  members  of 
the  medical  profession  have  shown  their 
interest  by  coming  forward  and  partici- 
pating in  the  debates  of  the  Society. 
There  still  remains  one  quarter  in  which 
further  representation  is  specially  de- 
sired, namely  the  Architectural  and 
allied  professions .  Also  the  gas  industry 
is  not  as  fully  represented  as  is  desirable, 
but  it  is  anticipated  that  there  will  be 
an  improvement  in  these  respects  as 
the  work  of  the  Society  comes  to  be 
more   fully   appreciated   and  under- 
stood. 

The  distribution  of  members  is  pro- 
portionally as  follows,  though  naturally 
this  can  only  be  regarded  as  a  very 
approximate  classification  : — 

Per  cent. 

Electrical  Engineers  and  mem- 
bers concerned  mainly  with 
Electric  Lighting   . .        . .  39 

Gas  Engineers,  Manufacturers 
of  Gas  Appliances,  &c.     . .  18 

Professors  of  Physics,  Experts 
in  Photometry,  &c.         . .  10 

Representatives  of  Oil,  Acety- 
lene, Petrol  Air  Gas  Light- 
ing, &c  8 

Physicians,  Oculists,  Opticians, 
&c.   8 

Architects,  Surveyors,  &c.  . .  3 

Miscellaneous,  including  makers 
of  Shades  and  Reflectors, 
Mechanical  Engineers,  and 
others  not  exclusively  con- 
nected with  any  one  system 
of  lighting      . .  . .  14 

100 

Honorary  Members. 


In  accordance  with  the  Constitution 
of  the  Society*,  the  Council  are  em- 
powered to  nominate  each  year  as 
Honorary  Life  Members  three  individuals 
distinguished  for  services  in  connexion 
with  illumination.  They  are  pleased  to 
report  that  the  following  gentlemen 
have  been  approached  and  have  kindly 
consented  to  become  the  first  three 
Honorary  Members  of  the  Society  : — 

Sir  Wm.  Preece,  K.C.B.,  F.R.S.,  Past 
President  of  the  Institutions  of 
Civil  and  Electrical  Engineers,  &c. 
In  recognition  of  valuable  pioneering 

work  in  connexion  with  the  measurement 

of  illumination. 

Sir  Joseph  Swan,  M.A.,  D.Sc,  F.R.S. 

Past  President  of  the  Institution  of 

Electrical  Engineers,  &c. 
'  In  recognition  of  valuable  services  in 
connexion  with  electric  lighting  and  as 
one  of  the  inventors   of  the  electrical 
incandescent  lamp. 

Prof.  A.  G.  Vernon  Harcourt,  M.A., 
F.R.S. ,    Past    President    of  the 
Chemical    Society,  Metropolitan 
Gas  Referee,  &c. 
In  recognition  of  valuable  services  in 
connexion  with  photometry  and  the  in- 
vention of  the  standards  of  light. 

Mr.  W.  M.  MoRDEY,  Past  President  of 
the  Institution  of  Electrical  Engineers, 
Prof.  0.  LuMMER,  the  co-inventor  of 
the  Lummer-Brodhun  Photometer,  of 
Breslau  University,  and  Prof.  Violle, 
the  inventor  of  the  Violle  Standard  of 
liight,  have  also  consented  to  act  as 
Vice-Presidents. 

THE  INTERNATIONAL  ATTITUDE 
OF  THE  SOCIETY. 

In  framing  the  Constitution  of  the 
Society  special  attention  was  paid  to 
the  provision  of  international  inter- 
course on  matters  in  connexion  with 
illumination.  The  recent  practical  agree- 
ment between  Great  Britain,  France,  and 
the  United  States  regarding  the  Inter- 
national Unit  of  light  may  serve  as  an 
illustration  of  the  kind  of  work  our 
Society  might  encourage  and  help  to 
bring  about.    It  is  hoped  that  in  the 


*  See  Articles  5,  18,  and  24,  Illuminating  Engi- 
neer, Vol.  II.,  1909,  pp.  377, 378. 
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future  many  of  the  terms  used  in  con- 
nexion with,  illumination  will  become 
standardized,  and  that  general  agree- 
ment between  the  different  countries 
will  be  arrived  at  regarding  essential 
points  in  the  measurement  of  light 
and  illumination.  Recognizing  the 
benefit  of  exchange  of  opinion  on  such 
points  as  these,  the  Society  has  ex- 
tended the  list  of  authorities  in  Europe 
and  America,  who  are  acting  as  its 
corresponding  members. 

The  assistance  of  our  American  and 
Continental  supporters  has  been  much 
appreciated,  and  corresponding  mem- 
bers have  come  forward  in  a  most 
encouraging  manner  in  response  to 
invitations  to  take  part  in  discussions 
of  the  Society.  Their  communica- 
tions were  read  in  abstract  at  the 
meetings  of  the  Society,  and  subse- 
quently incorporated  in  the  full  pub- 
lished account  of  the  discussions, 
forming  very  valuable  additions 
thereto. 

It  is  hoped  that  in  the  course  of  the 
next  few  years,  as  the  Society  becomes 
yet  more  firmly  established,  the 
possibilities  of  international  co-opera- 
tion may  be  further  increased.  It 
is  anticipated,  for  example,  that 
international  Congresses,  at  which 
the  most  recent  developments  in 
connexion  with  lighting  can  be 
exhibited  and  the  most  vital  questions 
of  the  day  discussed,  will  form  a 
feature  of  the  work  of  the  Society  ;  also 
that  International  Committees  will  be 
appointed  to  deal  with  intricate  ques- 
tions in  connection  with  nomenclature, 
&c.,  on  which  there  is  at  present  a  lack 
of  satisfactory  agreement.  A  step 
in  this  last  direction  has  already  been 
taken  by  the  decision  of  the  Society  to 
form  an  international  committee  to 
deal  with  the  question  of  "  glare  "  in 
the  use  of  illuminants. 

It  may  also  be  mentioned  that  the 
Society  has  been  officially  invited  to 
be  represented  at  the  International 
Medical  Congress  to  be  held  in  Brussels 
during  September  of  the  present  year, 
and  has  resolved  to  send  several  dele- 
gates. It  is  anticipated  that  the  work 
of  this  Congress  will  be  of  special  interest 
to  our  Society  since  it  is  the  first 
occasion  on  wliich  the  medical  and 


hygienic  aspects  of  factory  lighting, 
as  they  affect  the  health  of  employees, 
&c.,  ^^ill  be  studied  in  connexion  with 
the  engineering  aspects  of  illumination 
and  the  use  of  photometry. 

Lastly,  the  Council  would  make 
special  reference  to  the  continued 
progress  of  the  American  Illuminating 
Engineering  Society,  the  pioneering 
work  of  which  has  been  of  the  greatest 
value  to  those  interested  in  the  forma- 
tion of  a  Society  with  similar  aims  in  this 
country,  and  who  have  now  achieved  a 
still  steadily  growing  membership  ex- 
ceeding 1,000.  We  may  hope  that  our 
experience  will  be  similar  to  that  of 
our  friends  in  the  United  States.  It 
need  not  be  said  that  we  welcome 
possibilities  of  co-operation,  and  it  is 
gratifying  to  record  that,  shortly  after 
the  Third  Annual  Convention  held 
in  New  York  last  year,  the  American 
Society  formally  passed  a  resolution 
wishing  prosperity  to  our  efforts  and 
expressing  the  desire  that  both  societies 
might  co-operate  for  the  improvement 
of  conditions  of  illumination.  A  Com- 
mittee in  the  United  States  is  already 
considering  the  standardization  of 
terms  in  common  use  in  connexion  with 
illumination  ;  it  is  therefore  hoped  that 
we,  in  this  country,  may  be  able  shortly 
to  participate  in  this  effort  to  promote 
common  agreement. 

MEETINGS  OF  THE  SOCIETY 
DURING  THE  PAST  YEAR. 

During  the  past  year  five  monthly 
meetings  have  been  held.  The  Inaugural 
Meeting  took  place  on  November  18th, 
1909,  and  was  followed  by  four  dis- 
cussions in  1910,  two  of  them  deahng 
with  '  Glare,  its  Causes  and  Effects,' 
and  two  with  '  The  Measurement  of 
Light  and  Illumination.' 

At  the  Inaugural  Meeting  the  oppor- 
tunity was  taken  of  setting  forth  the 
programme  of  the  Society  and  showing 
how  its  work  would  be  co-ordinated  with 
that  of  other  professions  and  societies. 

A  report  was  presented  by  the 
Council  summarizing  the  steps  that 
led  to  the  formation  of  the  Society 
and  the  objects  which  it  was  intended 
to  perform.  An  address  was  also 
delivered    by  The    President,  Prof. 
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S.  P.  Thompson,  D.Sc,  F.R.S.,  which 
will  doubtless  rank  as  a  classic,  defining 
the  nature  and  scope  of  illuminating 
engineering.  Sir  Boverton  Redwood, 
Mr.  A.  P.  Trotter,  Prof.  J.  S.  Hal- 
DANE,  Mr.  W.  M.  MoRDEY,  and  Dr.  R.  M. 
Walmsley,  expressed  their  sympathy 
with  the  movement  and  their  conviction 
of  the  utility  of  the  work  to  be  carried 
out  by  the  Society. 

The  subsequent  two  meetings  of  the 
Society,  held  on  January  11th  and 
February  15th  respectively,  were  given 
up  to  a  discussion  on  '  Glare,  its  Causes 
and  Effects.'  This  subject  was  selected 
after  considerable  thought  as  one  likely 
to  appeal  to  a  great  variety  of  experts 
and  to  illustratejvery  clearly  the  wide 
scope  of  the  work  of  the  Society.  This 
matter,  clearly,  is  one  of  consequence  to 
the  illuminating  engineer.  The  tendency 
has  been,  for  some  time  past,  to  pro- 
duce sources  of  greater  and  greater  con- 
centrated brilliancy ;  and  the  question 
was  naturally  raised  how  far  objections, 
on  hygienic  grounds,  to  the  "  glare  " 
of  such  sources  was  justified.  On  this 
point  the  experience  of  the  oculist  was 
desirable.  The  additional  questions  as 
to  the  best  methods  of  screening  over- 
brilliant  illuminants,  and  arranging 
them  so  as  to  avoid  glare,  demand 
the  attention  not  only  of  the  experts 
connected  with  various  methods  of 
lighting,  but  of  architects,  and  of 
all  those  concerned  with  general 
problems  in  illumination.  It  Avill  be 
seen,  therefore,  that  this  subject  was  one 
likely  to  interest  the  members  of  the 
society  as  a  whole  and  to  appeal  to  the 
general  public.  The  expectation  that 
this  would  be  the  case  was  fully  justi- 
fied, as  the  discussions  also  attracted 
much  attention  outside  the  Society. 

Previous  to  these  meetings  a  series 
of  questions  was  prepared  and  circu- 
lated among  members  and  others 
likely  to  be  interested  in  the  subject. 
Communications  were  received  in  re- 
sponse embodying  the  views  of  many 
corresponding  members  of  the  Society. 
The  general  opinion  was  expressed  that 
the  question  of  glare  was  an  urgent  one; 
and  that  the  majority  of  the  modern 
powerful  sources  of  light  of  high  in- 
trinsic brilliancy,  ought  not  to  be  ex- 
posed in  an  unscreened  state  within  the 


direct  range  of  vision.  (As  explained 
above,  these  rephes  from  correspond- 
ing members  were  read  in  abstract  at 
meetings  and  afterwards  incorporated 
in  the  full  account  of  the  discussion 
published  in  the  official  organ  of  (he 
Society.)* 

It  soon  became  evident  that  the  sub- 
ject was  of  too  wide  a  character  to  be  dis 
cussed  in  a  single  evening,  and  it  was 
therefore  decided  to  allot  two  meetings 
to  this  discussion,  the  first  being  devoted 
to  the  more  scientific  and  physiological 
aspects  of  the  subject  and  the  second 
to  the  more  practical  applications. 
Ultimately  a  resolution  was  taken  that 
an  international  committee  should  be 
appointed  to  deal  with  the  various 
questions  raised  in  greater  detail.  The 
discussion  was  opened  by  Dr.  J.  Herbert 
Parsons,  F.R.C.S.,  and  representa- 
tives of  the  Home  Office,  and  the  Medi- 
cal Department  of  the  London  County 
Council,  were  present,  and  took  part. 
This  discussion  was  the  means  of  interest- 
ing a  number  of  oculists  and  members 
of  the  medical  profession  in  the  work 
of  the  Society,  some  of  them  subse- 
quently becoming  members. 

The  next  two  meetings  of  the 
Society,  held  on  March  15th  and 
April  14th,  respectively,  were  given 
up  to  a  general  discussion  on  '  The 
Measurement  of  Light  and  Illumina- 
tion.' Here  again  it  was  considered 
advisable  to  select  a  subject  which 
would  be  of  interest  to  all  members  of 
the  Society,  and  would  serve  to  bring 
home  to  those  outside  the  need  for  its 
existence.  The  meetings  were  to  a 
great  extent  educational.  To  many  it 
was  certainly  a  revelation  to  dis- 
cover that  the  process  of  the  measure- 
ment of  light  and  of  illumination  w^as  so 
far  advanced.  In  this  case  also  it  was 
evident  that  the  subject  could  only  be 
dealt  with  in  a  very  general  manner 
in  the  time  at  the  disposal  of  the 
Society.  The  discussions,  if  some- 
what discursive,  certainly  succeeded 
in  interesting  the  general  public  in 
the  work  of  the  Society  and  in  bring- 
ing home  the  importance  of  measure- 
ments of  fight  and  illumination  in  daily 


*  See  The  Illuminating  Engineer^  Lond., 
Vol.  nr.,  1910,  February,  March,  April,  and  May. 
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life.  A  special  feature  of  the  two 
meetings  was  the  description  and  ex- 
hibition of  different  types  of  photo- 
meters by  the  inventors,  and  actual 
demonstrations  of  the  measurement  of 
light  and  illumination. 

The  discussion  brought  up  a  num- 
ber of  novel  points  of  considerable 
interest  to  experts  in  this  field,  while  the 
communications  received  from  corre- 
sponding members  in  the  United  States 
and  on  the  Continent  were  again  of 
special  value.  The  plan  adopted  pre- 
viously, of  circularizing  a  series  of 
inquiries  before  the  meeting,  was  again 
followed  on  this  occasion,  and  was 
productive  of  useful  information. 

Many  of  the  chief  authorities  on 
photometry  and  illumination  in  this 
country  and  abroad  have  already  par- 
ticipated in  the  discussions  and  given 
active  assistance  and  support.  Among 
those  to  whom  we  are  indebted 
special  contributions  from  the  Continent 
and  the  United  States  we  may  mention, 
among  others,  the  names  of  Dr.  Louis 
Bell  (Boston),  Dr.  L.  Bloch  (Berlin), 
Prof.  A.  Blondel  (Paris),  Dr.  M. 
CoRSEPius  (Cologne),  Dr.  E.  P.  Hyde 
(Ohio),  Dr.  Hugo  Kriiss  (Hamburg), 
M.  Lauriol  (Paris),  Dr.  Lux  (Berlin), 
Prof.  Rumi  (Genoa),  Dr.  Clayton 
Sharp  (New  York),  Dr.  Karl  Stock- 
HAUSEN  (Dresden),  Prof.  H.  Strache 
(Vienna),  Prof.  Dr.  R.  Ulbricht 
(Dresden),  Prof.  L.  Weber  (Kiel),  &c. 

THE  FIRST  ANNIVERSARY 
DINNER   OF   THE  SOCIETY. 

The  first  anniversary  dinner  of  the 
Society  was  held  on  February  10th, 
1910.  The  occasion  presented  an  op- 
portunity of  demonstrating  the  many 
points  of  common  interest  with  kindred 
Societies  and  of  expressing  the  desire 
for  co-operation  in  matters  connected 
with  illumination.  The  dinner  proved 
to  be  most  successful  and  enjoyable,  and 
a  number  of  influential  representatives 
of  other  Societies  were  present.  In 
the  unavoidable  absence  of  the  Pre- 
sident, the  chair  was  taken  by  Sir 
Henry  Trueman  Wood,  one  of  the 
Vice-Presidents  of  the  Illuminating 
Engineering  Society  and  the  Secretary 
of  the  Royal  Society  of  Arts,  to  whom 
the  thanks  of  the  Society  arc  due  for 


kindly  presiding  at  such  short  notice. 
In  the  course  of  the  evening  the 
toasts  of  "  The  Prosperity  of  the 
Illuminating  Engineering  Society," 
"  Our  Honorary  Members  "  "  Kin- 
dred Societies,"  and  "  Our  Guests," 
were  proposed  by  Mr.  A.  P.  Trotter, 
The  Chairman,  Mr.  L.  Gaster,  and  Col. 
W.  F.  Leese,  and  responded  to  by  Prof. 
A.  G.  Vernon  Harcourt  (Hon.  Mem- 
ber of  the  Illuminating  Engineering 
Society),  Mr.  J.  W.  Helps  (President 
of  the  Institution  of  Gas  Engineers), 
Mr.  W.  M.  Mordey  (Past  President  of 
the  Institution  of  Electrical  Engineers), 
Prof.  A.  D.  Waller  (Treasurer  of  the 
Physiological  Society), Col.  Lane  Notter 
(the  Royal  Sanitary  Institute),  Dr.  T. 
M.  Legge  (Medical  Inspector  of  the 
Factory  Department  of  the  Home 
Office),  Mr.  W.  Finlay  (President  of  the 
Electrical  Contractors'  Association), 
Mr.  W.  J.  A.  BuTTERFiELD  (Secretary  to 
the  Metropolitan  Gas  Referees),  &c. 

The  Hon.  Secretary,  in  proposing 
the  toast  of  "  Kindred  Societies," 
stated  that  co-operation  was  the  key- 
note of  the  policy  of  the  Illuminating 
Engineering  Society,  and  that  the 
assistance  of  older  Societies  was 
cordially  desired  and  welcomed  :  "  No 
one  individual  to-day — no  society  even 
— can  claim  a  monopoly  of  knowledge." 
But  it  was  pointed  out  that  a  society 
having  among  its  members  authorities 
on  all  the  different  aspects  of  the  sub- 
ject could,  by  their  united  efforts, 
gather  information  in  a  way  in  which 
no  individual  could  do.  The  speakers 
on  behalf  of  the  various  societies  repre- 
sented expressed  their  sympathy  with 
the  movement  and  their  conviction  of 
the  need  for  the  Illuminating  Engi- 
neering Society,  which  had  much  useful 
work  before  it. 

FUTURE  WORK  AND  PROCEED- 
INGS FOR  THE  NEXT  SESSION. 

The  general  policy  of  the  Society 
and  the  possible  line  of  work  which  it 
may  be  expected  to  undertake  in  the 
near  future  will  be  understood  from 
what  has  been  said  above,  and  it  should 
not  be  necessary  to  do  more  than 
briefly  recapitulate  a  few  of  its  inten- 
tions. It  has  been  shown  in  the  past 
session  that  the  ground  to  be  covered 
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by  papers  is  extremely  wide.  There  is 
not  the  least  difficulty  in  finding  sub- 
jects for  discussion,  and  the  Editing 
and  Papers  Committee  is  arranging  for 
the  regular  contribution  of  papers  by 
individual  readers  upon  selected  topics. 

In  the  forthcoming  session  it  is  pro- 
posed to  follow  up  the  policy  of  devoting 
the  monthly  meetings  to  subjects  which 
will  directly  interest  the  general  body  of 
members.  For  example,  it  is  contem- 
plated that  papers  on  such  questions 
as  the  lighting  of  streets,  shops, 
libraries,  schools,  &c.,  will  be  presented. 
In  this  way  it  is  hoped  that  the  Society 
will  succeed  in  gaining  influential 
support  in  many  quarters  in  which  it  is 
desired  to  kindle  interest  and  to 
extend  still  further  its  circle  of 
sympathizers. 

There  are  also  matters  of  more 
purely  technical  interest  to  be  dealt 
with,  such  as  units,  nomenclature, 
standardized  conditions  of  testing, 
&c.     Meantime  it  has  been  suggested 


to  the  Council  that,  for  the  benefit  of 
those  interested  mainly  in  these  purely 
technical  aspects  of  the  subject,  supple- 
mentary meetings  should  be  held 
between  the  regular  monthly  meetings 
of  the  Society  so  that  members 
can  meet  and  discuss  these  special 
questions.  The  Society  is  also 
considering  the  organization  of 
courses  of  instruction  upon  illu- 
mination and  photometry. 

APPEAL  TO  MEMBERS. 

The  Council,  while  conscious  of  the 
exceptional  and  generous  support  it 
has  so  far  received,  desires  to  impress 
upon  the  members  the  importance  of 
doing  their  utmost  during  the  vacation 
to  interest  others  in  the  work  of  the 
Society,  in  order  that  the  second  session 
of  the  Society  may  be  begun  with  even 
greater  certainty  of  success  than  its 
first. 

By  Order  of  the  Council, 

Leon  Gaster,  Hon.  Sec. 


The  Measurement  of  Light  and  Illumination. 

DISCUSSION.  {Communicated.) 
(Co7itinued  from  p.  322.) 


Mr.  G.  F.  Boxall  (Great  Western  Rail- 
way).— The  measurement  of  illumination 
in  the  Electrical  Engineers  Department 
of  the  Great  Western  Railway  has  up 
to  the  present  been  confined  to  three 
sets  of  conditions,  viz.,  platform  light- 
ing, yard  lighting,  and  train  lighting. 
No  attempt  has  yet  been  made  to  obtain 
systematic  measurements  of  interior 
lighting  other  than  train  lighting,  as 
special  conditions  are  met  with  in 
nearly  every  case  which  would  render 
comparative  results  of  doubtful  utility. 
The  main  difference  lies,  of  course,  in  the 
fact  that  the  problem  of  outdoor  and 
platform  lighting  is  to  provide  as  good 
a  general  illumination  as  possible,  whilst 
in  rooms  and  offices  it  has  been  the  aim 
rather  to  concentrate  the  light  at  par- 
ticular points.  It  is  possible,  however, 
that  this  latter  aim  is  quite  wrong. 
Electric  train  lighting  in  general  com- 
bines both  these  conditions,  with  the 
added  condition  of  a  reduction  of  the 
light  to  such  a  small  value  as  to  render 


sleeping  easy  without  putting  the  com- 
partment in  complete  darkness.  In 
estimating  the  efficiency  of  the  lighting 
of  any  area  when  a  general  illumination 
is  required,  the  minimum  illumination 
is  recognized  as  being  the  most  impor- 
tant thing  to  consider,  and  as  in  the 
case  of  yard  lighting,  a  minimum  on  a 
horizontal  plane  of  0'02  foot-candles 
may  be  quite  satisfactory,  while  the 
maximum  may  very  well  amount  to 
2  foot-candles,  the  demand  made  upon 
the  capacity  of  the  photometer  is  at 
once  apparent.  All  measurements  have 
been  made  with  the  Trotter  illumination 
photometer,  with  the  screen  horizontal 
and  4  ft.  from  the  ground.  The  tripod 
has  a  triangular  shelf  which  is  bolted 
on  in  a  fixed  position  inside  the  legs 
and  serves  to  carry  the  battery  as  well 
as  to  ensure  that  the  height  of  the 
photometer  is  always  correct.  The 
arrangement  described  has  been  used 
on  rough  ballast,  and  among  points  and 
crossovers  on  the  railway,  without  any 
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particular  difficulty  as  regards  levelling. 
A  spirit  level  is  essential  under  these 
conditions,  but  even  then  it  is  generally 
possible  to  obtain  thirty  readings  in 
half-an-hour.  On  platforms  this  rate 
of  working  may  be  greatly  exceeded,  and 
from  four  to  six  readings  a  minute  can 
easily  be  obtained  on  platforms  lit  by 
glow-lamps.  Arc  lamps  have  an  un- 
fortunate habit  of  feeding  at  the  critical 
moment,  which  sometimes  necessitates 
a  good  deal  of  delay,  and  gives  rise  to 
illumination  curves  of  curious  shape. 
Flame  arc  lamps  are  the  worst  offenders 
in  this  respect,  and  some  of  them  almost 
defy  measurement.  It  appears  to  be 
the  practice  of  lampmakers  when 
measuring  the  illumination  from  their 
lamps  to  wait  for  ths  peaks,  but  curves 
obtained  in  this  way  are  of  little  value 
to  the  user  of  the  lamps,  and  it  would 
be  quite  as  logical  for  the  user  only  to 
measure  the  depressions  for  purposes 
of  comparison  with  other  lamps.  The 
practice  in  these  cases  is  for  the  observer 
to  follow  as  best  he  can  the  variations 
in  the  illumination,  and  for  a  second 
observer  to  watch  th^  movement  of 
the  pointer  and  decide  upon  a  fair 
average  value  for  the  reading.  The  very 
rapid  and  smooth  working  adjustment 
of  the  Trotter  photometer  makes  this  , 
easier  than  might  appear  at  first  sight. 

With  regard  to  the  colour  difficulty, 
the  tinted  screens  supplied  with  the 
photometer  have  never  been  used, 
partly  because  the  "  constant  "  for  the 
screen  introduces  an  element  of  uncer- 
tainty, and  chiefly  because  it  is  quite 
easy  to  work  without  them  in  all  the 
cases  which  have  been  dealt  with  so  far. 

Before  starting  work  tho  photo- 
meter is  always  checked  by  a  standard 
lamp,  and  after  working  all  night  and 
taking  more  than  three  hundred  read- 


ings, using  the  ordinary  4- volt  20-amp.- 
hour  "ignition  rate"  cell  a  recheck 
has  shown  no  appreciable  error. 

Where  measurements  are  being  made 
in  a  line  between  two  lamps  and  no 
side  lighting  affects  the  readings,  it 
appears  that  it  is  only  necessary  to  be 
particular  about  the  levelling  of  the 
screen  in  the  direction  along  the  line 
of  measurement  ;  at  right  angles  to 
this  line,  a  tilt  of  the  screen  will  only 
afEect  the  readings  proportionately 
to  the  cosine  of  the  angle  which  the 
plane  of  the  screen  in  this  direction 
makes  with  the  horizon  and  an  error 
of  a  few  degrees  will  have  no  appreci- 
able effect. 
Mr.  J.  S.  Dow  :— 

With  reference  to  Mr.  Cooper's 
comment  on  the  detail-revealing  powers 
of  red  and  blue  light*  it  is,  of  course, 
not  easy  for  every  one  to  form  even 
an  approximate  judgment  as  to  the 
relative  brightness  of  such  colours  as 
these.  It  is,  however,  possible  to 
arrange  so  that  the  red  is  unmistakably 
the  darker  to  the  eye,  and  yet  the 
detail  illuminated  by  it  is  most  dis- 
tinct ;  obviously,  too,  if  the  eye  cannot 
focus  light  of  a  certain  colour  no  in- 
crease in  light  will  enable  one  to  see 
properly.  The  possibility  that  the 
greater  distinctness  of  the  red  might 
be  due  to  the  fact  that  printer's  ink 
reflects  less  light  of  this  kind  less  well 
than  blue  is  negatived  by  the  fact  that 
when  the  eye  is  close  up  one  usually 
cannot  perceive  much  difference  ;  it  is 
only  when  one  gets,  say  10  or  20  ft. 
away  that  the  "  shortsightedness  "  for 
blue  light  becomes  apparent.  This 
effect  was  demonstrated  many  years 
ago  by  the  late  Dr.  Shelf  ord  Bid  well. 

*  Illuminating  Engineer,  London,  Vol.  III.' 
1910,  May,  p.  321. 


A  CORRECTION. 

Our  attention  has  been  drawn  to  an  error  in  the  translation  of  the  remarks  of  Dr.  M. 
Corsepius  occurring  on  p.  31(1  in  our  last  number.  The  sense  of  the  seatence  commencing  on  the 
18th  line  of  this  contribution  has  been  inverted. 

I'he  correct  version  is  : — 
Were  the  mean  si)herical  candle-power  adopted  as  the  basis  of  comparison  the  apparent 
HfKicific  conmmptiou  of  arclamps  might  oft(!n  be  doubled,  while  that  of  glowlamps  would  only  be 
raised  about  25  per  cent. ;  that  is  to  say,  the  glowlamps,  according  to  existing  system  of  rating, 
appear  vjorae  than  they  really  are." 
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(Founded  in  London,  1909.) 

The  Direct  Measurement  of  the  Total  Light  Emitted  from 

a  Lamp. 

DISCUSSION.  {Communicated.) 
{Continued  from  p.  323.) 


Professor  R.  Ulbricht  (Dresden). — I 
should  like  to  make  a  few  remarks  on 
the  paper  by  Dr.  W.  E.  Sumpner 
which  you  have  kindly  submitted  to  me 
for  comment.  Dr.  Sumpner  appears  to 
recognize  the  value  of  the  Globe  photo- 
meter as  a  means  of  measuring  the 
mean  spherical  candle-power  of  a 
source,  but  contends  that,  on  account 
of  various  disturbing  factors,  the  actual 
behaviour  of  the  apparatus  is  not  in 
accordance  with  theoretical  con- 
siderations. He  proposes  to  achieve 
greater  simplicity  by  departing  from 
the  spherical  shape  and  adopting  a 
cubical  box.  Among  the  sources  of 
error  in  connexion  with  the  Globe 
photometer  he  mentions  : — the  possible 
want  of  uniformity  in  the  reflecting 
power  of  the  inner  coating  of  the  globe 
for  light  of  different  colours ;  the  effect 
of  "  foreign  bodies  "  inside  the  sphere  ; 
the  fact  that  pure  diffuse  reflection  from 
the  inner  coating  may  not  be  practically 
possible  ;  and,  finally,  the  possibility 
that  the  milky  glass  screen  let  into  the 
observation  window  does  not  completely 
diffuse  the  light  falling  upon  it. 

To  these  criticisms  I  reply  that  the 
choice  of  a  suitable  material  for  the 
inner  coating  is  naturally  of  con- 
siderable importance,  and  Dr.  Sumpner 
is  quite  right  in  asserting  the  disturbing 
influence  of  any  distinct  colouration. 
Nevertheless,  we  have  at  our  disposal 
materials  which  can  be  used  for  a  long 
time  without  showing  any  appreciable 
change  in  uniformity  or  in  selective 
reflecting  power  for  different  qualities  of 
light.  The  requisite  high  diffused  re- 
flecting power  is  also  obtainable  with- 
out any  difficulty,  but  it  may  be  added 


that  the  numberless  successive  reflec- 
tions which  the  light  undergoes  inside 
the  globe  renders  moderate  deviations 
from  the  Cosine  Law  of  very  little 
consequence  in  practice. 

The  possible  error  due  to  foreign 
bodies  in  the  globe,  such  as  screens,  &c., 
as  I  have  previously  shown,*  need 
exert  very  little  influence  of  practical 
results,  in  globes  of  the  prescribed 
dimensions. 

As  regards  the  milky  glass  in  the 
observation  window  it  niay  be  re- 
marked that  if  a  suitable  xjhoice  of  glass, 
obscured  in  the  inner  side,  is  made,  any 
deviation  from  the  complete  diffusion 
of  light  would  give  rise  to  only  very 
trifling  errors.  Moreover,  such  errors 
are  much  less  considerable  in  the  case 
of  a  globe  photometer  than  those  which 
would  occur  in  the  case  of  such  a  surface 
illuminated  from  behind  by  a  source 
of  comparatively  small  dimensions  ;  in 
the  case  of  the  globe  the  source  of  light 
is  a  very  extensive  illuminated  surface 
and  any  alterations  are  eliminated. 
However,  the  use  of  a  milky  glass  screen 
is  by  no  means  essential  to  the  principle 
of  the  globe  photometer,  and  it  is  possible 
to  utilize  the  direct  radiation  from  a 
portion  of  the  inner  surface  opposite 
the  opening  in  the  globe.  This  method 
has  been  found  both  simple  and  service- 
able. 

On  the  other  hand,  by  forsaking 
the  spherical  form,  as  Dr.  Sumpner 
suggests,  very  considerable  sources 
of  error  may  be  introduced,  the  magni- 
tude of  which  depends  on  the  extent  of 


*  Uber  die  Vorgange  iiii  Kugelphotometer, 
E.T.Z.,  1905,  p.  512. 
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the  deviation  in  shape.  In  order  to 
reahze  this  we  need  only  consider  the 
conditions  under  which  the  hght  is 
reflected  in  a  box  of  cubical  form.  It 
is  obvious  that  the  portions  of  the 
surface  in  the  corners,  being  more  re- 
mote than  those  at  the  middle  of  the 
sides  of  the  box,  will  receive  less  light, 
and  the  reflection  therefrom,  will  be 
correspondingly  affected.  One  result 
of  this  is  that  the  results  of  using  such 
a  box  would  be  very  materially  in- 
fluenced by  the  position  of  the  observa- 
tion window.  Such  deviations  from 
the  true  value  would  increase  with  the 
coefficient  of  absorption  of  the  walls 
and  with  an  absorption  coefficient  in 
the  neighbourhood  of  20  per  cent, 
(as  may  occur  in  practice),  ought 
certainly  not  to  be  neglected.  In  the 
case  of  unsymmetrical  sources  of  light, 
calculation  shows  that  discrepancies  of 
as  much  as  40  per  cent  occur. 

The  form  of  enclosure  suggested 
by  Dr.  Sumpner  can,  in  any  case, 
only  give  fairly  correct  results  in  the 
case  of  sources  having  an  approximately 
uniform  polar  curve  of  light  distribution, 
and  placed  symmetrically  with  respect 
to  its  surroundings.  These  conditions 
are  the  exception  in  actual  practice. 
On  the  other  hand,  theoretical  con- 
siderations show  that  the  sphere, 
and  the  sphere  only,  gives  results  inde- 
pendent on  the  polar  curve  of  light 
distribution  or  the  position  cf  the 
source  of  light. 

It  is,  therefore,  difficult  to  under- 
stand why  it  should  be  suggested  that 
the  spherical  form,  which  is  theoretically 
correct,  and  which  has  been  repeatedly 
tested  in  actual  practice,  should  be 
superseded  by  a  box  of  a  cubical  or 
other  non -spherical  shape. 

I  have,  however,  ncted  with  great 
interest  the  publication  of  Dr.  Sumpner 
in  The  Philosophical  Magazine  for  1893, 
in  which  he  discusses  the  use  of  a 
hollow  globe  with  a  diffused  reflecting 
inner  surface.  This  paper  was  pre- 
viously unknown  to  me,  but  it  might 
naturally  have  been  expected  that  the 
properties  of  a  hollow  sphere  cf  this 
kind  would  not  have  escaped  notice  at 
the  hands  of  several  experimenters. 

Dr.  L.  Bloch,  Berlin — As  appears 
from  the  contribution  of  Dr.  W.  E. 


Sumpner,  and  from  the  discussion  pub- 
hshed  in  the  last  number  of  The  Illu- 
minating Engineer,  the  use  of  the 
Ulbricht  globe  is  now  attracting  much 
attention  in  England  as  a  means  of 
determining  mean  spherical  candle- 
power.  We,  in  Germany,  have  made 
extensive  use  of  this  apparatus  during 
the  last  five  years,  and  to-day  there 
are  probably  not  many  laboratories  in 
existence  in  which  tests  of  arc -lamps 
are  carried  out,  where  the  Ulbricht 
globe  is  not  employed.  In  many 
quarters  there  is  already  a  disposition 
to  prescribe  that  measurements  of  arc- 
lamps  should  be  exclusively  carried  out 
by  the  aid  of  this  instrument.  The 
apparatus  has  also  proved  serviceable 
for  tests  of  glow-lamps,  though  the 
globe  has  been  comparatively  little 
used  for  lamps  of  this  kind  owing  to 
the  fact  that  it  is  mainly  the  mean 
horizontal  candle-power  that  is  usually 
determined,  and  specified.  Experi- 
ments have  been  in  progress  for  some 
time  with  the  object  of  determining 
whether  the  globe  can  be  satisfactorily 
employed  for  the  testing  of  gas  lamps 
without  the  access  of  air  to  the  burner 
being  injuriously  affected,  and  we 
hope  to  hear  further  particulars  on  this 
point  very  shortly. 

Dr.  Sumpner's  paper  seems  to  me 
liable  to  create  impressions  regarding 
the  Ulbricht  globe  which  are  not  borne 
out  by  our  experience,  and  I  should 
therefore  like  to  enter  into  a  few  of  the 
objections  raised.  That  the  colour  of 
the  interior  of  the  globe  ought  to  be  of 
a  pure  white,  and  that  no  intermixture 
of  other  tints  should  be  permitted  is 
obvious.  But  the  preparation  of  suit- 
able permanent  coatings  of  this  nature 
presents  no  difficulty,  especially  when 
little  or  no  adhesive  material  is  added. 
There  is  also  no  difficulty  in  securing  a 
surface  which  reflects  in  a  diffused 
manner  and  is  not  shiny.  It  is,  of  course, 
unquestionably  necessary  that  the  co- 
efficient of  reflection  of  the  interior  of  the 
globe  should  be  high  and  uniform. 
Yet  a  globe  utilizing  a  surface  of  com- 
paratively poor  reflecting  power  may 
yield  quite  correct  results,  provided 
that  all  direct  light  is  screened  from  the 
observation  window.  It  even  presents 
a  certain  advantage,  namely  that  the 
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constant  of  the  apparatus  is  not  so 
liable  to  alter  in  the  course  of  a  year, 
owing  to  a  gradual  deepening  in  tint  of 
the  reflecting  material.  The  influence 
of  foreign  objects  inside  the  globe,  such 
as  the  screen  and  the  accessories  of  the 
arc  lamp  tested  have  been  proved, 
according  to  the  researches  of  Ulbricht 
and  others,  to  exert  but  a  slight  and 
usually  negligible  influence  on  the 
exactitude  of  measurements,  provided 
the  sphere  has  a  diameter  of  at  least 
1  metre,  and  the  foreign  bodies  within 
have  not  an  exceedingly  large  area. 
Moreover,  the  effect  of  any  such 
bodies  can  be  completely  eliminated 
by  determining  the  constant  of  the 
apparatus,  with  the  foreign  bodies  in 
position,  just  as  they  are  during  the 
test. 

Dr.  Sumpner  lays  most  stress  on  the 
suggestion  that  the  glass  screen  cover- 
ing the  observation  window  should 
transmit  only  diffused  light  and  not 
direct  rays.  I  can  perceive  in  this  no 
special  defect  peculiar  to  the  Globe 
photometer.  In  any  case  this  object- 
tion  might  be  equally  well  raised  against 
many  forms  of  photometers  and  photo- 
metrical  apparatus.  Whether  a  plate 
transmits  mainly  direct  or  diffused  light 
can,  however,  be  very  readily  deter- 
mined ;  for  example,  by  holding  the 
plate  in  front  of  a  glow  lamp  and 
observing  whether  the  shape  of  the 
filament  is  still  visible.  Moreover, 
one  can  dispense  entirely  with  the  use 
of  a  glass  plate  over  the  observation 
window  if  one  uses  a  suitable  type  of 
portable  photometer  directly  attached 
to  the  globe  itself,  as  described  by  the 
author  in  this  journal.* 

It  was  very  interesting  to  me  to  per- 
ceive from  Dr.  Sumpner's  paper  that  he, 
as  far  back  as  1892,  had  demonstrated 
the  existence  of  a  principle  which  is  the 
exact  basis  of  the  Ulbricht  globe  photo- 
meter. It  is  only  surprising  to  me  that 
after  obtaining  this  result  Dr.  Sumpner 
did  not  proceed  to  construct  a  globe 
as  a  measuring  instrument,  especially 
in  view  of  the  fact  that  he  himself  had 
previously  experienced  the  want  of 
a  satisfactory  apparatus  for  determin- 


*  Uluminating  Engineer,  Vol.  I.,  1908,  p.  276 
and  Vol.  III.,  1910,  p.  266,  fig.  8.  '  ' 


ing  the  mean  spherical  candle-power. 
Dr.  Sumpner's  method  (described  on 
p.  233  of  the  April  number  of  The 
Illuminating  Engineer),  involving  the 
use  of  the  graduated  paper  strip  for 
deterimining  the  total  amount  of  light 
from  an  arc-lamp,  can  only  be  regarded 
as  a  very  inefficient  substitute  for  the 
theoretically  correct  and  practically 
very  convenient  and  simple  Ulbricht 
globe. 

The   apparatus   now   described  by 
Dr.  Sumpner  in  his  subsequent  com- 
munication, is  also,   in   my  opinion 
unsatisfactory.      The  theorem  estab- 
lished  by   Dr.  Sumpner   himself  in 
1892  is  exclusively  true  for  a  spheri- 
cal surface  and  not  for  others,  such  as 
the  cubical  box  which  he  now  proposes. 
In  such  a  piece  of  apparatus  the  illu- 
mination of  the  observation  window 
by  reflected  light  would  always  depend 
upon  the  nature  of  the  distribution  of 
the  rays  from  the  source  and  its  position 
in  the  interior  instead  of  solely  upon  its 
mean  spherical  candle-power  as  is  the 
case  for  the  Ulbricht  globe.    Even  less 
satisfactory  results  might  be  anticipated 
from  the  use  of  this  apparatus  if  the 
interior   was   not    matt    white,  but 
enamelled  with  some  shiny  material. 
Dr.    Sumpner    even    advocates  dis- 
pensing with  a  screen  and  leaving  the 
observation  window  open  so  that  the 
opposite  face  of  the  box  is  seen  through 
it.    Such  an  apparatus  could,  according 
to  my  experience,  only  yield  very  un- 
reliable results  and  could  only  be  applied 
for  the  direct  comparison  of  lamps 
of  the  same  kind  having  similar  curves 
of  light  distribution.    Equally  incor- 
rect, theoretically,  is  the  further  pro- 
posal of  Dr.  Sumpner  to  render  one 
eighth  of  the  surface  transparent  and 
diffusive,  and  to  measure  the  trans- 
mitted light.    The  projection  of  this 
light  by  means  of  a  mirror  arrange- 
ment inserted  into  the  photometer  also 
appears  both  a  less  simple  and  a  more 
expensive   device  than   the  Ulbricht 
globe. 

On  all  grounds,  therefore.  Dr.  Sump- 
ner's proposed  apparatus  seems  to  me 
to  present  no  advantage  over  that  of 
Ulbricht.  The  determination  of  mean 
spherical  or  mean  hemispherical  in- 
tensity can  be  accomplished  rapidly  and 
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simply  and  exactly  by  means  of  the 
Ulbricht  globe  ;  such  devices  as  those 
referred  to  above  can  yield  little  satis- 
factory result,  and  certainly  constitute 
no  improvement. 

Mr.  J.  S.  Dow  (London)  : — I  do  not 
entirely  agree  with  Dr.  Sumpner's 
criticism  of  the  action  of  the  Ulbricht 
globe  on  p.  325  of  the  last  number  of 
The  Illuminating  Engineer.  He  says 
"  This  globe  can  only  give  good  results 
if  p  is  large,  and  if  the  photometer 
window  is  perfectly  diffusive."  It  is 
certainly  advantageous  for  p  to  be 
large,  but  Dr..  Sumpner  seems  to  me 
to  overestimate  somewhat  the  pro- 
bable error  due  to  its  not  being  so. 

In  the  first  place  it  seems  to  be  the 
invariable  practice  with  the  Ulbricht 
globe  to  s  reen  the  observation  window 
absolutely  from  the  direct  rays.  The 
error  due  to  their  action  should  thus 
be  practically  eliminated.  But  even 
were  the  window  unscreened  the  error 
might  not  be  large.  Dr.  Sumpner 
shows  that,  with  /3=90  per  cent,  lo, 
the  variable  illumination,  is  only  10  per 
cent  of  the  part  proportional  to 
the  total  flux  of  light.  Now  with  a 
reasonably  symmetrical  distribution  of 
light  from  the  source  lo  itself  should 
not  vary  very  greatly  in  different  parts 
of  the  globe,  and,  unless  very  unfavour- 
able conditions  were  met  with,  would 
probably  hardly  affect  the  result  by 
more  than  about  5  per  cent. 

This  is  apparently  in  accordance  with 
the  observation  of  Dr.  Bloch  that 
consistent  values  can  be  obtained  even 
with  a  relatively  low  value  for  p,  and 
also  that  it  is  immaterial  to  the  result 
where  the  observation-window  is  placed. 

Dr.  Sumpner  adds  that  the  window 
must  be  perfectly  diffusive,  for  other- 
wise its  illumination  would  be  notice- 
ably affected  by  the  portion  of  the 
globe  immediately  opposite  it.  The 
brightness  of  this  region,  which  is  not 
screened  from  the  direct  rays,  will 
depend  to  some  extent  on  I  .  But  it 
should  surely  be  possible  to  find  a 
screen  sufficiently  diffusive  to  render 
the  amount  of  light  transmitted  direct 
from  this  portion  of  the  globe  relatively 
small  in  comparison  with  that  received 
from  the  rest  of  the  surface — especially 
when  we  remember  that,  in  a  globe,  any 


bright  patch  illuminates  any  other  to 
the  same  extent.  In  any  case,  it 
would  certainly  seem  to  be  a  much 
better  plan  to  use  a  semi-diffusing 
screen,  the  brightness  of  which  is  at 
least  influenced  by  light  received 
obliquely  from  all  parts  of  the  sphere, 
than  to  dispense  with  a  screen  entirely, 
and  merely  utilize  the  light  coming 
direct  from  a  small  region  of  the  surface 
opposite. 

This  leads  me  to  comment  upon  an 
obvious  defect  in  a  cubical  surface.  In 
such  an  interior  it  is  very  far  from 
being  true  that  any  part  of  the  surface 
is  equally  effective  in  illuminating  the 
the  observation  window.  On  the  con- 
trary it  is  obvious  that  the  side  of  the 
cube  in  which  the  window  is  cut  cannot 
illuminate  it  at  all. 

This  might  not  matter  much  if  a 
source  of  light  having  a  fairly  uniform 
distribution  of  light  was  examined. 
But  if  we  imagine  that  the  source 
happens  to  be  so  arranged  that  the  great 
majority  of  its  light  is  cast  upon  the 
side  of  the  cube  in  which  the  window 
is  placed,  it  seems  highly  probable 
that  the  result  will  be  abnormally  low. 
Measurements  might  then  be  materially 
influenced  by  the  position  of  such  a 
source  inside  the  globe  and  the  location 
of  the  observation  window. 

However,  it  is  conceivable  that  in 
practice  better  results  might  be  ob- 
tained than  theoretical  considerations 
would  suggest,  and  I  hope  to  be  able 
to  give  the  results  of  some  experiments 
on  this  point  shortly.  There  can  be  no 
questions  that,  for  a  person  who  has 
to  design  and  make  his  OAvn  apparatus, 
a  cubical  box  is  a  much  simpler  con- 
trivance than  a  globe.  On  the  other 
hand  one  can  imagine  that,  were  the 
globe  a  standardized  piece  of  apparatus 
in  very  general  use,  so  that  there  was 
a  demand  for  considerable  number, 
and  were  measurements  in  terms  of 
mean  spherical  candle-power  uni- 
versally specified,  it  could  be  constructed 
by  an  instrument  maker  fairly  cheaply 
and  without  much  trouble. 

I  sliould  like  to  know  whether  Dr. 
Sumpner  has  considered  mathematic- 
ally how  far  the  qualities  of  the  cube 
and  the  hollow  sphere  might  be 
expected  to  approach  each  other  if 
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both  were  very  large.  One  would 
expect  that  the  error  involved  would 
be  reduced,  and  that  it  might  therefore 
sometimes  be  preferable  to  partition 
off  a  part  of  the  laboratory  and  make 
the  walls,  floor,  and  ceiling  a  dead 
white.  In  the  case  of  large  spaces  like 
this  the  illumination  at  the  observa- 
tion window  might  be  low,  but  this 
difficulty  can  be  avoided  by  attaching 
a  suitable  photometric  screen  (a  grease 
spot,  for  example)  at  the  aperture  and 
looking  at  this  direct.  The  illumina- 
tion of  the  screen  would  be  adjusted 
by  altering  the  distance  of  the  com- 
parison lamp,  and  no  question  as  to  the 
inverse  square  law  holding  for  this 
illuminated  aperture  would  arise. 

Regarding  Dr.  Sumpner's  expressed 
preference  for  the  use  of  luminous 
flux  and  the  lumen  it  may  be  said  that 
this  term  seems  to  be  finding  very 
general  acceptation  in  the  United 
States. 

An  illustration  of  the  value  attached 
to  this  method  by  the  Welsbach  Co., 
in  the  United  States,  is  provided  by 
Mr.  N.  Macbeth's  contribution  to  this 
discussion  (Ilium.  Eng.,  Lond.,  May, 
p.  319).  It  will  be  seen  that  the  flux 
in  lumens  for  a  given  fixture  is  given 
not  only  in  the  upper  and  lower  hemi- 
sphere, but  also  over  a  downward  angle 
of  60  degrees. 

Prof.  G.  W.  0.  Howe:  In  the 
current  number  of  The  Illuminating 
Engineer  I  see  that  Dr.  Sumpner  has 
suggested  the  use  of  a  cubical  diffusing 
chamber  in  place  of  the  Ulbricht 
sphere.  Three  years  ago  I  was  thinking 
of  having  such  a  sphere  constructed 
when  the  idea  occurred  to  me  that  a 
cubical  chamber  would  possibly  be 
quiie  accurate  enough  for  ordinary 
practical  purposes.  A  box  having  an 
edge  of  3  ft.  was  constructed  by  two 
students  of  the  Central  Technical 
College  and  has  formed  a  part  of  the 
equipment  of  the  Photometrical  Labora- 
tory for  the  last  three  years.  It  is  lined 
with  white  blotting  paper,  except  at  the 
bottom,  where  falling  pieces  of  red- 
hot  carbon  rendered  it  necessary  to 
I'eplace  the  blotting  paper  by  white- 
washed sheet-iron. 

For  experimental  purposes,  one  side 
was  pierced  by  twelve  circular  openings 


which  could  be  either  plugged  up  or 
used  as  windows.  By  making  measure- 
ments successively  at  each  of  these 
twelve  windows,  the  equality  of  the 
brightness  over  the  interior  surface 
could  be  tested.  In  order  to  make  the 
conditions  as  severe  as  any  likely  to 
be  met  with  in  practice,  the  source  of 
light  usually  employed  in  our  experi- 
ments was  a  100-candle-power  tungsten 
lamp,  blackened  over  one  hemisphere 
so  as  to  be  quite  opaque,  the  other  side 
being  left  plain.  If  the  box  acts  per- 
fectly the  photometer  setting  should  not 
alter  when  the  lamp  is  rotated  so  as  to 
present  first  the  bright  side  and  then 
the  opaque  side  to  the  window.  The 
window  is,  of  course,  screened  from 
direct  illumination.  The  screen  can  be 
moved  so  as  to  shade  any  one  of  the 
twelve  openings. 

For  demonstration  purposes  in  the 
lecture  theatre,  the  window,  covered 
with  tracing  cloth,  is  turned  towards 
the  audience  and  the  lamp,  blackened 
on  one  side  is  slowly  rotated.  It  is 
impossible  to  tell  from  the  appearance  of 
the  window  which  way  the  lamp  is 
turned. 

I  have  found  that  it  is  very  necessary 
to  ventilate  the  box  when  testing- 
flame  arc -lamps  as  the  fumes  may 
form  quite  a  dense  fog,  which  will 
entirely  vitiate  the  results. 


A  very  simple  way  in  which  the 
cubical  box  can  be  made  to  approximate 
much  more  closely  to  a  sphere  is  to  fit 
triangular  pieces  of  wood  or  cardboard 
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so  as  to  block  up  the  corners,  as  shown 
in  the  sketch.  With  this  improvement 
I  V  ry  much  doubt  whether  the  error 
introduced  by  not  using  the  expensive 
spherical  chamber  exceeds,  or  even 
equals,  the  errors  unavoidably  intro- 
duced by  the  screen  and  the  lamp 
fittings. 

In  conclusion,  I  should  like  to 
advise  all  those  interested  in  this  sub- 
ject to  read  Dr.  Sumpner's  paper  in  the 
Phil.  Mag.  for  1893,  in  which  he  makes 
the  meaning  of  brightness  and  illumina- 
tion, transparency  and  absorption,  &c., 
very  clear  indeed. 

Dr.  W.  E.  Sumpner  {in  reply) : 
I  am  glad  that  my  suggestions  in 
regard  to  the  measurement  of  light 
by  diffusion  methods  have  induced 
Professor  Ulbricht  and  others  to 
make  several  interesting  criticisms. 
It  was  no  purpose  of  my  article  to 
undervalue  the  Ulbricht  globe,  the 
commercial  accuracy  of  which  I  fully 
admitted.  I  merely  raised  the  question 
of  the  possibility  of  constructing  a 
cheaper  form  of  apparatus  working  on 
the  same  principle.  Dr.  Bloch,  I 
notice,  not  only  contests  the  accurate 
action  of  the  box  form  of  enclosure, 
but  also  regards  this  as  "a  less  simple 
and  more  expensive  device  than  the 
Ulbricht  globe."  If  he  can  tell  me 
where  I  can  buy  a  good  form  of  Ulbricht 
globe  at  less  cost  than  a  white-washed 
wooden  box  equipped  with  a  couple  of 
ordinary  mirrors,  I  shall  be  delighted, 
and  will  promise  in  future  to  give 
preference  to  the  globe. 

Theories,  however,  perfect,  are  always 
incomplete,  and  are  upset  in  practical 
application  by  the  action  of  uncon- 
sidered trifles  whose  influence  can  only 
be  judged  by  actual  testing.  The 
Ulbricht  globe  only  acts  perfectly  when 
it  has  nothing  inside  it.  Perfect 
accuracy  is  not  needed,  and  is  not 
possible  in  commercial  photometry.  If 
sufficient  precision  is  obtainable  with  a 
box  form  of  enclosure,  this  possesses 
distinct  points  in  its  favour  as  com- 
pared with  the  globe  form.  I  pointed 
out  four  assumptions  made  in  con- 
ncixion  with  the  theory  of  the  Ulbricht 
globe  ;  but  I  at  once  admitted  that 
two  of  these  were  quite  justified  in 
practice,  and  these  need  not  be  further 


discussed.  The  remaining  criticisms 
relate  to  the  presence  of  "  foreign 
bodies  "  and  to  the  action  of  the  diffus- 
ing window  used  with  the  photometer. 
On  these  and  other  points  there  appears 
to  be  some  difference  of  opinion.  I 
quite  accept  Prof.  Ulbricht 's  statement 
that  he  has  shown  that  foreign  bodies 
need  have  but  negligible  effect  in  globes 
of  suitable  dimensions.  Dr.  Bloch 
states  that  all  is  well  if  the  diameter 
is  as  large  or  larger  than  one  metre. 
But  it  does  not  follow  that  sufficient 
precautions  are  always  taken  in  prac- 
tice. On  page  268  of  the  present 
volume  of  The  Illuminating  Engineer 
will  be  found  tests  by  A.  A.  Perrine, 
quoted  from  The  Electrical  World,  of 
New  York.  These  appear  to  show  that 
the  globe  may  yield  results  differing  by 
25  per  cent.,  according  to  the  position 
of  the  lights  within  the  globe.  In 
these  tests  the  globe  was  12  metres 
in  diameter,  and  the  lamps  tested  were 
not  arcs,  but  glow-lamps  with  reflectors. 
Whatever  may  be  the  cause  of  these 
discrepancies,  I  feel  confident  that  if 
suitable  precautions  are  taken  such 
errors  will  occur  neither  with  a  globe 
nor  with  a  cubical  box. 

As  regards  the  diffusing  window. 
Prof.  Ulbricht  says  this  is  "by  no 
means  essential  "  to  the  globe  photo- 
meter, and  that  it  has  been  "  found 
both  simple  and  ser\riceable  "  to  utilize 
the  direct  radiation  from  the  surface 
opposite  the  opening.  On  the  other 
hand,  Dr.  Bloch  states  that  such  a 
method  would,  according  to  his  ex- 
perience, "  only  yield  very  unreliable 
results."  The  fact  that  two  such 
experienced  users  of  the  globe  photo- 
meter differ  on  such  a  matter  shows 
conclusively  that  the  operation  of  the 
cubical  enclosure  must  be  judged  from 
actual  testing  and  not  from  personal 
opinions.  My  main  contention  is  that 
the  accuracy  of  the  results  obtained  with 
the  globe  is  due  to  the  high  reflecting 
power  of  the  surface  rather  than  to  its 
spherical  form.  High  reflecting  power 
is  fully  acknowledged  as  advantageous 
by  all  the  critics,  but  their  view  is  that 
it  is  not  necessary  for  accuracy  provided 
the  window  is  screened  from  direct 
light.  This  would  be  quite  true  were  it 
not    for    the    presence  of   "  foreign 


TOTAL  LIGHT  EMITTED  FROM  A  LAMP. 


393 


bodies."  The  influence  of  these  can  be 
rendered  negligible  either  by  increasing 
the  size  of  the  sphere,  or  by  increasing 
the  reflecting  power  of  the  surface. 
The  lower  the  reflecting  power,  the 
larger  must  be  the  sphere  to  secure  the 
same  accuracy.  Unless  the  value  of 
p  were  high  the  size  of  the  sphere 
needed  in  some  cases  would  be  im- 
practicably large.  It  is  only  in  this 
sense  that  a  high  value  of  p  is  needed 
in  the  case  of  the  sphere.  For  the  cube 
the  same  consideration  holds  good, 
but  a  high  value  of  p  is  also  important 
to  render  negligible  the  small  error 
due  to  non-uniform  radiation  from  the 
lamp. 

I  cannot  accept  two  statements  made 
by  Dr.  Bloch.  He  says  that  the  effect 
of  foreign  bodies  can  be  completely 
eliminated  by  calibrating  the  apparatus 
with  the  foreign  bodies  in  position. 
If  this  were  so  a  globe  containing  a 
black  screen  would  yield  the  same 
result  for  a  bull's-eye  lantern,  whether 
the  lantern  were  arranged  to  point  to  the 
screen,  or  to  point  away  from  it  ;  yet 
in  one  case  no  light  at  all  would  be 
sent  to  the  photometer.  Again,  Dr. 
Bloch  does  not  discuss  the  magni- 
tude of  the  error  due  to  partial 
transparency  of  the  diffusing  window, 
but  states  that  any  such  error  is  common 
to  many  forms  of  photometer,  and  he  is 
presumably  prepared  to  disregard  it. 
He  implies  that  a  diffusing  window, 
through  which  the  filament  of  a  glow- 
lamp  cannot  be  distinguished,  is  suffi- 
ciently diffusive  for  use  with  the  globe. 
I  very  much  doubt  this,  for  my  tests  in 
1892  proved  that  such  surfaces  might 
still  transmit  a  large  percentage  of  inci- 
dent light  without  a  shift  of  direction. 

Dr.  Bloch  is  surprised  that  on  noticing 
in  1892  the  special  property  of  the 
sphere,  I  did  not  at  once  suggest  its  use 
for  measuring  luminous  flux.  I  had 
the  same  feeling  myself  on  first  hearing 
of  the  Ulbricht  globe,  but  the  idea  was 
all  the  same  quite  new  to  me.  There 
is  a  world  of  difference  between  noticing 
a  principle,  and  suggesting  a  useful 
application  of  it.  I  did  at  the  time 
usefully  apply  the  principle  to  the 
matters  in  which  I  was  then  interested, 
namely,  to  the  influence  of  reflection 
on  the  illumination  of  rooms,  as  affected 


by  the  various  reflecting  powers  of 
different  parts  of  the  walls,  &c. 
If  I  had  been  considering  the  measure- 
ment of  luminous  flux,  instead  of  its 
distribution,  I  might  have  thought  of 
the  Ulbricht  device  ;  but  if  I  had 
suggested  this  it  would  most  probably 
hav^e  been  in  connexion  with  a  cube 
and  not  with  a  globe. 

The  present  discussion  has  not 
developed  any  real  criticism  of  my 
arguments  in  reference  to  the  action 
of  a  cubical  enclosure.  Prof.  Ulbricht 
alludes  to  the  smaller  direct  illumina- 
tion of  the  surfaces  at  the  corners. 
Prof.  Howe  suggests  truncating  these 
corners,  and  Mr.  Dow  points  out  that 
the  flat  side  containing  the  window 
does  not  directly  help  to  illuminate  this 
window.  These  points  have  little  bear- 
ing on  the  real  issue.  With  high  reflect- 
ing surfaces  the  brightness  of  the  corners 
will  differ  very  little  from  that  of  the 
other  surfaces.  The  brightest  parts 
illuminate  the  darkest,  and  vice  versa 
the  general  influence  of  diffusion  being 
to  produce  uniformity  of  brightness. 
But  accuracy  is  not  really  dependent 
on  equality  of  brightness.  All  that  is 
wanted  is  for  the  brightness  of  the 
small  patch  of  surface  used  by  the 
photometer  to  be  a  measure  of  the 
luminous  flux.  If  the  corners  of  the 
box  were  covered  with  black  velvet  it 
does  not  follow  there  would  be  any 
error,  although,  of  course,  the  calibra- 
tion would  be  affected.  I  am  much 
interested  to  learn  from  Prof.  Howe 
that  the  cubical  enclosure  has  been 
tried  at  the  Central  Technical  College 
with  satisfactory  results,  though  the 
tests  mentioned  are  not  conclusive 
on  all  points.  Mr.  Dow's  suggestion 
to  use  a  whitened  room  as  the  rectangu- 
lar box  is  a  thoroughly  good  one,  and 
merits  trial. 

In  conclusion,  I  have  not  asserted 
that  there  is  any  error  to  which  the 
globe  photometer  is  liable  which  cannot 
be  sufficiently  reduced  provided  reason- 
able precautions  are  taken,  and  I  have 
made  no  claim  for  extreme  accuracy 
with  the  box  form  of  photometer. 
The  actual  errors  with  either  form  of 
apparatus  cannot  really  be  settled 
theoretically;  they  must  be  experi- 
mentally tested. 
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The  Use  of  Metallic  Oxides  in  Arc  Lamp  Electrodes. 


By  Dr.  B.  Monasch  (Augsburg.) 
(Continued  from  p,  253.) 


II. 


An  examination  of  the  structure  of  the 
arc  yields  much  useful  information 
regarding  its  value  as  a  producer  of 
light.  In  the  case  of  pure  carbons,  it 
is  recognized  that  only  a  very  small 
portion,  perhaps  5  or  10  per  cent, 
of  the  total  amount  of  light  comes 
from  the  arc  itself.  By  far  the 
greater  portion  comes  from  the  incan- 
descent  crater   and   the   tip   of  the 


prescribed,  the  arc  is  always  relatively 
small  in  length.  Thus  in  a  20  ampere 
44  volt  lamp  (this  is  a  higher  current 
than  would  be  met  with  as  a  rule  under 


Fig.  4.— Length  of  Arc  55  mm. 
Carbons,  Plania  Cored,  +  ve  18  mm.  diam. 
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negative  carbon.  As  Mrs.  Ayrton  has 
shown,  there  exists  in  an  arc  of  this 
description  an  inner  light-absorbing 
violet-coloured  core  which  is  sur- 
rounded by  a  black  band  (B  in  Fig  4). 
When  burning  in  atmospheric  surround- 
ings this  black  band  is  again  surrounded, 
by  a  greenisli  aureole,  C.  This  appear- 
ance is  cliaracteristic  of  the  carbon  arc 
struck  }>ctwecn  vertical  carbons  in  the 
usual  way. 

In  arc-lamps  of  the  ordinary  typo, 
using  pure  carbons  in  the  manner 


Fig.  5.— Length  of  Arc,  20-2  mm. 
Plania  Cored  Carbons,  +  ve  18  mm.  diam. 
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practical  conditions),  the  arc  is  about 
4-2  mm.  in  length.  Even  Avhen  the 
arc-length  is  somewhat  greater,  how- 
over,  one  still  recognizes  the  existence 


METALLIC  OXIDES  IN  ARC  LAMP  ELECTRODES. 


395 


of  the  violet,  black,  and  green  zones 
as  long  as  pure  carbons  are  used. 

In  the  case  of  a  long  arc  between 
cored  carbons,  however,  the  appear- 


FiG.  6. 


ance  is  essentially  different,  as  will  be 
seen  from  Fig.  5. 

This  shows  the  appearance  of  a 
6  amp.  arc  struck  between  "  Plania  " 


-  Fe 


Fig.  7. 

cored  carbons,  the  negative  and  positive 
carbons  being  12  and.  18  mm.  in  length 
respectively,  and  the  length  of  arc 
20  "2    mm.    A    violet    core  proceeds 


from  the  anode,  and  is  surrounded  by  a 
black  envelope,  which  again  has  a 
green  aureole.  But  the  violet  core 
does  not  extend  from  cathode  to  anode 
as  is  the  case  for  a  similar  length  of  arc 
with  pure  carbons.  In  this  case  a 
reddish  yellow  flame  emerges  from  the 
cathode.  Its  brightness  decreases 
somewhat  as  we  approach  the  outer 
surface  of  the  arc. 

Fig.  6  represents  an  arc  struck 
between  iron  electrodes.  This  arc, 
and  also  those  shown  in  the  succeeding 
illustrations,  bums  80  volts  with  a 
current  of  4  amperes.  In  this  case 
there  is  a  bright-blue  luminous  inner 
core.  A,  surrounded  by  a  red-yellow 
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envelope  B.  The  general  tint  of  the 
light  from  the  iron  arc  is  blue  ;  there 
is  no  very  distinct  break  between  the 
termination  of  the  blue  inner  core  and 
the  commencement  of  the  envelope. 
The  inner  core  A  seems  to  produce  most 
of  the  light.  This  observation  is  not  in 
accordance  with  that  of  Weedon,  who 
found  that  the  inner  core  of  a  metallic 
arc  in  general  contributed  little  to  the 
luminous  effect,  most  of  the  light  coming 
from  the  outer  envelope. 

Fig.  7  represents  an  arc  between  a 
copper  anode  and  an  iron  cathode. 
The  light  is  again  of  a  bluish  tint.  In 
the  magnified  image  of  this  arc  one 
can  also  distinguish  an  inner  bright 
blue  and  luminous  core  A,  and  an 
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aureole  of  a  reddish-yellow  tint.  Occa- 
sionally a  small  green  and  feebly 
luminous  patch  of  light,  C,  emerges 
from  the  anode. 

The  magnetite  arc  formed  between 
a  copper  anode  and  a  cathode  consisting 
of  100  per  cent  magnetite  presents  an 
appearance  very  similar  to  that  of  the 
iron  arc.  The  light  is,  however,  now 
white  with  a  slightly  bluish  tinge. 
In  this  case  also  a  small  green  flame 
appears  from  time  to  time  at  the  anode. 
(See  Fig.  8.) 

If  the  direction  of  the  current  is 
reversed  the  appearance  of  the  arc 
changes  absolutely  (see  Fig.  9).  Under 
the  same  electrical  conditions  as  before 
the  core  A  becomes  much  more  ex- 
tended, its  colouration  is  much  darker 
and  it  is  less  luminous.    A  narrow 


Thus  the  addition  of  manganese  oxide 
changes  the  reddish-yellow  colouration 
to  lemon  yellow  while  calcium  oxide 
renders  it  orange.    If,  however,  only 


Fig.  9. 

black  band  now  appears  between  the 
core  A  and  the  reddish-yellow  mantle  B. 

The  light  intensity  is  now  about 
33  H.K.,  whereas,  with  the  +Cu, — Fe.04, 
arrangement,  and  with  the  same 
electrical  conditions  (except  as  regards 
polarity),  a  light  of  300  H.K.  was 
obtained. 

In  general  the  appearance  of  an  arc 
struck  between  a  copper  anode  and  a 
cathode  composed  of  a  mixture  of  other 
materials  and  magnetite,  does  not  vary 
very  materially.  There  is  always  a  light 
blue  core  A  and  a  yellow  envelope  B. 
But  the  colour  of  the  yellow  envelope 
varies  according  to  the  material  added. 


a  very  little  magnetite  is  contained 
in  the  mixture,  in  some  cases  the 
characteristic  light  blue  core  vanishes. 
Thus  Fig.  10  shows  the  appearance  of 
an  arc  between  a  copper  anode  and  a 


Fig.  11. 

cathode  consisting  of  10  per  cent, 
magnetite  and  90  per  cent,  aluminium 
oxide.  The  inner  blue  core  cannot  be 
perceived  even  when  the  arc  is  magnified 
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sixfold.  A  small  green  flame  projects 
from  the  anode,  and  this  is  covered  by 
a  faintly  luminous  blue  mantle.  To- 
wards the  outside  the  envelope  B 
assumes  a  deep  red-yellow  tint  being 
lighter  in  the  central  portions.  A 
small  white  flame  occasionally  appears 
at  the  cathode.  The  fall  in  luminosity 
of  the  magnetite-zirconium  oxide  arc, 
when  an  increasing  percentage  of  the 
latter  constituent  is  added,  was  studied 
by  observation  of  the  magnified  images 
of  the  arcs,  formed  with  various 
combinations. 

In  Fig.  11  is  seen  the  arc  produced 
between  a  copper  anode  and  a  cathode 
consisting  of  90  per  cent,  magnetite 
and  10  per  cent,  zirconium  oxide.  It 
will  be  observed  that  the  inner  core 
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Fig.  12. 

consists  of  two  portions,  a  narrow 
bright  blue  and  luminous  strip  A, 
and  a  wider  region  C  that  is  quite 
white.  The  addition  of  more  than 
60  per  cent,  of  zirconium  oxide  brings 
about  a  marked  diminution  in  bright- 
ness. Fig.  12  refers  to  an  arc  in  which 
a  cathode  consisting  of  100  per  cent, 
of  zirconium  oxide  in  an  iron  tube  is 
used.  The  blue  inner  core  A  is  con- 
siderably greater,  darker  and  less 
luminous,  and  the  white  core  C  has 
collapsed  into  a  narrow  band.  The 
envelope  B  is  now  a  light  yellow. 

The  most  powerfully  luminous  arc 
was  obtained  by  using  a  cathode  con- 
sisting of  100  per  cent,  titanium  oxide. 
The  appearance  of  such  an  arc  is  shown 
in  Fig.  13. 


The  core  again  consists  of  two 
distinct  portions,  as  before  a  narrow 
inner  light  blue  luminous  strip  A  and 
a  broader  portion  C,  which  is  white, 
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and  intensely  luminous.  Between  B 
and  the  core  appears  a  narrow  orange 
band  D.  The  envelope  B  is  feebly 
luminous  and  white  in  character.  It 
is  also  in  an  unsteady  condition, 
occasionally  disappearing  and  blending 


Fig.  14. 

itself  with  its  surroundings  like  a  light 
mist.  The  horizontal  illumination  in 
this  case  was  about  1340  H.K. 
When  the  direction  of  the  current 
through  the  arc  was  reversed,  so  that 
the  copper  became  the  cathode  and  the 
titanium  oxide  the  anode,  an  extremely 
weakly  luminous  arc  was  obtained, 
the  horizontal  candlepower  being  only 
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51  H.K.  The  arc  is  also  somewhat 
broader  than  before  (See  Fig.  14). 
The  inner  portion  of  this  arc  consists 
of  two  distinct  and  differently  coloured 
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Fig.  15. 


pf>rtions,  a  bright  blue  region  A  emerg- 
ing from  the  copper  cathode  and  a 
bright  violet  flame  C,  appearing  from 
the  titanium  oxide  ;    both  give  very 


little  light.  The  mantle  B  is  yellowish 
and  its  edges  are  not  sharply  defined. 

III. 

Fig.  14  refers  to  an  arc  struck  between 
two  rods  composed  of  Nemst  material 
each  8  mm.  in  diameter.  The  rods  were 
gripped  in  a  carbon  tube  and  pre- 
heated by  means  of  a  Bunsen  burner. 
The  length  of  rod  emerging  from  the 
carbon  tube  at  the  anode  is  10  mm. 
while  in  the  case  of  the  cathode  the 
corresponding  length  is  15  mm.  The 
distance  of  the  arc  from  the  photometer- 
screen  was  2*33  metres.  The  extremities 
of  the  Nernst  rods  emerging  from  the 
carbon  holder  were  brought  to  vivid 
incandescence  by  the  passage  of  a 
current.  In  order  to  ascertain  to  what 
extent  the  glowing  rod  contributed  to 
the  total  amount  of  light  produced, 
a  metal  screen,  which  could  be  stationed 
in  front  of  any  part  of  the  luminous 
surface,  was  made  use  of.  With  a  P.D. 
of  120  volts  across  the  electrodes  and 
a  current  of  3  amperes  (supply  voltage, 
220  volts),  the  following  measurements 
were  obtained  : — 

1.  Anode  [above]  and  Arc  (Cathode 

screened),  157  H.K. 

2.  Cathode  [below]  and  Arc  (Anode 

screened),  240  H.K. 

3.  Anode  and  Cathode  and  Arc  all 

exposed,  339  H.K. 

From  these  three  results  it  appears 
that  the  light  due  to  the  arc  alone  is 
only  58  H.K.  By  a  direct  measure- 
ment, during  which  both  anode  and 
cathode  were  covered  by  a  suitable 
screen,  so  that  only  the  horizontal 
beam  from  the  arc  itself  could  reach  the 
photometer,  a  value  of  49  H.K.  was 
obtained.  It  may  therefore  be  said 
that  when  Nernst  electrodes  are  used 
the  light  due  to  the  arc  is  relatively 
small  in  comparison  with  that  due  to  the 
solid  electrodes. 

As  regards  the  appearance  of  the 
arc  the  inner  core  A  is  very  feebly 
luminous  and  violet  in  colour.  Adja 
cent  to  it  is  a  white  band  C  which  seems 
to  furnish  the  main  portion  of  the 
liglit  from  the  arc.  Tlie  aureole  B 
is  also  weak  in  luminosity  and  of  a 
dark  yellow-red  tint. 

(To  he  concluded.) 


THE  ILLUMINATING  ENGINEER. 


399 


Further  Notes  on  Shop- Window  Lighting. 

By  an  Engineering  Correspondent. 


It  has  been  repeatedly  pointed  out 
how  essential  it  is  that  any  naked 
filaments,  or  other  bright  specks  of 
light  such  as  are  liable  to  distract  the 
attention  of  the  customer  from  the  goods 
displayed  in  a  shop-window,  should  be 
avoided.  This  was  insisted  upon  by 
many  of  the  authorities  who  took  part 


Figs.  1,  2,  and  3  refer  to  three  such 
examples  which  were  recently  published 
in  the  A. E.G.  Zeitschrift.  In  each  case, 
it  will  be  observed,  there  is  nothing 
between  the  eye  of  the  onlooker  and 
the  goods  to  distract  his  attention.  The 
illumination  is  provided  by  sources 
out  of  the  direct  range  of  vision,  the 
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Fig.  1. 


{By  the  courtesy  of  the  A.E.G.  Zeitschrift. 


in  the  recent  discussion  on  "  Glare, 
its  Causes  and  Effects,"  before  the 
Illuminating  Engineering  Society.  The 
habit  of  placing  naked  filaments  in  the 
windows,  it  was  added,  is  not  confined 
to  any  one  city,  and  is  all  too  prevalent. 
Some  models  of  illuminated  shop- 
windows  shown  at  the  recent  exhibition 
in  Berlin,  in  which  this  fault  is  conspicu- 
ous in  its  absence,  are  therefore,  of 
interest. 


sole  object  being  to  flood  the  window 
with  a  diffused  and  powerful  illumina- 
tion. 

Another  feature  of  interest  is  the 
depth  of  the  windows  employed.  This 
is  very  conducive  to  an  effective  display. 
When  the  goods  are  pressed  close  up 
against  the  glass  of  the  window  it  is 
not  only  exceedingly  difficult  to  produce 
any  really  artistic  effect,  owing  to  the 
absence  of  perspective,  but  there  are 
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also  difficulties  in  the  lighting.  In  such 
cases,  for  example,  we  are  often 
practically  restricted  to  the  method  of 
using  powerful  lights  outside  the 
window,  and  even  if  these  are  screened 
in  such  a  way  as  to  reduce  the  possi- 
bility of  glare  to  a  minimum,  it  is  still 
difficult  to  illuminate  the  window 
satisfactorily  and  to  avoid  the  reflection 
of  the  bright  source  in  the  glass. 

The  illustrations  also  provide  an 
example  of  another  tendency  in  modern 
shopligliting  on  which  something  was 
said  in  these  columns  a  few  months  ago. 
There  is  no  attempt  here  to  crowd  every 
possible  kind  of  article  that  may  be 
inside  into  the  windows — in  short,  to 
make  them  catalogues  of  goods.  On 
the  contrary,  the  idea  is  to  make  the 
window  a  pleasing  and  well -composed 
picture  calculated  to  arrest  the  eye 
of  the  passer-by.  The  window  is  an 
advertisement.  It  contains  compara- 
tively few  articles,  but  such  things  as 
it  does  contain  are  carefully  arranged. 
Observe,  for  example,  the  artistic 
balance  of  these  three  windows, 
especially.  Fig.  2.  In  Fig.  1  again,  the 
exhibition  of  kindergarten  materials 
and  children's  drawing  apparatus,  &c., 
is  thought  out  with  a  view  to  balance  ; 
whether  the  observer  stops  to  examine 
the  contents  of  the  window  in  detail, 
or  only  gives  it  a  fleeting  glance,  he 
receives  a  pleasing  impression.  On  the 
other  hand,  if  he  does  desire  to 
examine  any  object  closely,  it  is  easy 
to  provide  ample  illumination  for  him 
to  do  so,  and  it  will  be  noted  that  the 
books,  &c.,  in  which  there  is  small 
detail  to  be  viewed,  are  placed  in  the 
front  of  the  window,  while  the  larger 
objects  are  in  the  background. 

In  such  cases  as  these  the  prospective 
customer  is  not  expected  to  make  up 
his  mind  what  he  wants  before  he 
enters.  He  may  derive  inspiration 
from  the  window,  but  the  latter  is 
understood  to  be  merely  suggestive, 
and  he  is  quite  free  to  enter  and  look 
about  without  feeling  pledged  to  buy 
anything.  It  need  hardly  be  said  that 
once  this  idea  that  the  window  is  to  be 
a  picture  is  grasf)cd,  tho  possibilities  of 
clever  arrangement  and  judicious  light- 
ing become  manifest  ;  both  factors  go 
hand    in    hand.    For    example,  the 


colour  scheme  offers  endless  oppor- 
tunities for  those  gifted  with  taste,  and 
so  does  the  distribution  of  objects  of 
different  shapes,  sizes,  and  qualities  of 
surface,  so  as  to  make  an  artistic  whole. 

It  is  still  a  common  thing  to  see  all 
colours  jumbled  together  irrespective 
of  the  possibility  of  clashing,  and  only 
the  gifted  few  know  how  to  exercise  the 
necessary  restraint.  Some  of  the  most 
striking  effects  are  produced  by  using  a 
few  shades  only  and  by  striking  a 
powerful  dominant  colour-note. 

Directly  we  begin  to  consider  the 
question  of  colour,  too,  we  are  faced 
with  the  well  known  influence  of  arti- 
ficial light  on  the  daylight  appearance 
of  coloured  objects.  Owing  to  the 
difference  in  the  spectral  composition 
of  daylight  and  artificial  illuminants, 
a  colour-scheme  which  appears  specially 
attractive  by  day  may  quite  lose  its 
effectiveness  by  night  and  vice  versa. 
In  such  cases  it  is,  therefore,  essential 
to  select  an  illuminant  which  approaches 
daylight  in  composition. 

It  is  possible,  however,  that  the  use 
of  concealed  lights  of  different  colours  in 
the  window  may  serve  as  a  powerful 
weapon,  just  as  in  the  case  of  the  stage. 
The  fact  of  the  quality  and  intensity 
of  artificial  illumination  being  so  fully 
under  control  is  an  advantage  when  the 
light  is  wisely  used.  In  addition  to 
the  deliberate  selection  of  colours,  the 
appearance  of  a  window  may  demand  a 
certain  distribution  of  light,  depending 
on  the  kind  of  goods  exhibited.  In  a 
deep  window,  for  example,  it  may  be 
well  to  remember  that  it  is  naturally 
more  difficult  to  see  detail  at  this 
distance.  In  some  case  it  may  be  well 
to  accentuate  the  illumination  in  the 
background,  and  to  place  there  only 
the  larger  and  more  easily  perceived 
articles. 

Another  device  which  has  merits  for 
deep  window  lighting  is  the  arrange- 
ment of  materials  in  rising  tiers,  as  in 
Fig.  1.  This  arrangement  often  renders 
it  easier  to  bring  all  the  articles  exhibited 
within  the  range  of  vision  of  the  observer 
and  yet  to  secure  that  each  receives 
its  due  illumination  and  that  the  upper 
portion  does  not  interfere  with  or 
screen  the  lower.  An  approximately 
pyramidal  shape  as  shown  in  Fig.  1 


Figs.  2  and  3.— Examples  of  Shop-Window  lighting  at  the  Recent  Exhibition  in  Berlin. 

{By  the  courtesy  of  the  A.E.G.  Zeitschrift.) 
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also  inclines  the  eye  to  look  towards 
the  apex,  as  in  the  expectation  of 
finding  there  the  centre  of  interest 
in  the  Avindow  ;  it  might,  therefore, 
occasionally  be  a  good  plan  to  accent- 
uate the  illumination  at  this  point,  and 
to  aim  deliberately  at  this  effect. 

In  any  window  the  object  in  view 
should,  of  course,  be  clearly  borne  in 
mind  in  arranging  the  illumination. 
As  a  rule  it  is  probably  desired  to 
exhibit  all  the  articles  on  show  with 


shown  in  Fig.  4.  This  is  an  arrange- 
ment described  in  a  recent  number  of 
The  Illuminating  Engineer  of  New 
York.  In  consists  in  a  reflector  of  the 
shape  requisite  to  throw  the  light 
downward  and  backward  *  into  the 
window,  but  having  its  longest  side 
(facing  the  street)  plane.  The  reflector 
is  made  of  opal  glass  stained  to  an 
opaque  tint  on  the  outside,  with  the 
exception  of  the  plane  face  ;  upon  this 
a  single  letter  is  stencilled.    By  placing 
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Fig.  4.— Showing  Illumination  of  Window  by  means  of  Special  Lettered  Reflectors. 


equal  prominence,  and  in  this  case  one 
would  suppose  that  a  more  or  less 
uniform  system  of  illumination  would 
be  needed.  But  in  other  cases  it 
sometimes  may  be  intended  to  make  one 
special  group  of  goods  the  dominant 
attraction,  and  the  illumination  should 
then  be  concentrated  in  such  a  manner 
as  to  assist  this  impression,  and  to  lead 
the  eye  naturally  in  the  desired 
direction. 

A  special  device  for  window-lighting 
which  is  not  without  interest  is  that 


a  row  of  such  letters  side  by  side  any 
word  can  be  formed.  In  the  illustra- 
tion shown  the  word  "  shirts  "  has  been 
traced  out  and  the  letters  can,  of  course, 
be  altered  from  day  to  day  so  as  to 
form  any  desired  notice  without  affecting 
the  illumination  of  the  window.  The 
use  of  this  fitting  also  provides  an  easy 
way  of  placing  sources  of  light  inside 
the  window  and  in  view  of  the  customer, 
without  dazzling  the  eye  of  any  one 
looking  in. 
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Standard  Methods  of  Measuring  Illumination. 


By  Dr.  L.  Bloch. 


(An  account  of  the  suggestions  of  the  Photometrical  Committee  of  the  Verband  Deutscher  Elektrotechnikei' 
to  be  presented  at  the  Annual  Meeting  this  year ;   abbreviated  translation  from  the  Elektrotechnische 

Zeitschrift,  April  15th,  1910). 

In  a  previous  number  of  the  Electro-  adapted  to  produce  the  requisite 
technische  Zeitschrift  the  following  general  illumination.  This  has  recently 
recommendations  of  the  Verband  become  extremely  essential  in  view  of 
Deutscher  Elektrotechniker  regarding  the  large  number  of  competing 
measurements  of  illumination  was  pub-   systems  of  Hghting. 


"  The  mean  horizontal  illumination,  pointed  a  sub-committee  to  deal  with 

measured  at  an  height  of  one  meter  various  special  questions.    They  were 

above  the  floor  or  the  ground,  shall  specially  concerned  with  one  prcblem 

serve  as  a  practical  measure  of  the  (which  has  often  been  the  subject  of 

illumination  of  outdoor  areas  and  in-  controversy    in    the    past),  namely, 

teriors.    In   addition   the    maximum  whether  it  is  better  to  measure  the 

and  minimum  horizontal  illumination  illumination  of  streets  and  open  spaces 

of  the  entire  illuminated  surface  should  terms   of  the  horizontal  or  the 

be  specified.  vertical  illumination.    There  can  be 

The  lack  of  uniformity  of  illumination  no  doubt  that  in  any  streets  both 

is  to  be  expressed  in  terms  of  the  ratio  of  horizontal  and  vertical  surfaces  should 

the  maximum  to  the  minimum  horizon-  well  illuminated,  as  far  as  it  is 

tal  value.    The  specific  consumption  possible  to  do  so.    But  nevertheless, 

of  a  system  of  illumination  is  to  be  the  calculation  and  measurement  of  one 

expressed  (in  the  case  of  electric  light-  these  quantities  may  answer  prac- 

ing)  in  terms  of  watts  per  Lux  (mean  ^^^al  purposes.    In  studying  this  ques- 

horizontal    illumination)    per    square  ^lon  the  members  of   the  sub-com- 

metre  of  floor  area  illuminated."  mittee  undertook  an  extensive  series  of 

The  investigations  of  previous  com-  investigations    into    the  distribution 

missions    of   standards    of   light    on  illumination,    both    vertical  and 

photometry,  &c.,  were  mainly  devoted  horizontal,  in  a  large  number  of  streets, 

to  the  consideration  of  the  best  method  was  found  that  in  all  practical  cases 

of  measuring  light  from  electric  sources,  the  vertical  illumination  was  as  great 

These  investigations  have  now  been  ^^^n  greater  than  the  horizontal 

extended  to  conditions  of  illumination,  intensity  m  the  situations  where  the 

The   necessity  for  closer  agreement  l^ght   was  weakest,  so  long  as  the 

on   this   question   is   very   generally  vertical    surfaces    were  illuminated 

admitted.    In  most  cases  we  do  not  niainly  by  direct  light.    The  lowest 

so  much  desire  an  exact  knowledge  intensities  of  vertical  illumination  were 

of  the  candle-power  of  the  source.  We  ^^^t   with   in   somewhat  unexpected 

desire  rather  to  know  whether  a  street  positions,   for   example,  immediately 

or  an  interior  is,  at  a  whole,  satis-  helow  the  lamps  or  in  very  immediate 

factorily   illuminated.     In   particular  proximity  to  them ;  these  are  just  the 

when  we  come  to  the  comparison  of  situations  where  the  horizontal  illu- 

different  systems  of  lighting  it  is  im-  niination     is    usually    highest.  The 

portant  to  know  not  so  much  what  measurement  of  these  minimum  values 

the    individual    lights    can    do,    but  the  vertical  illumination  is  rendered 

rather  which  of  the  sj/stems  is  best  ^^^y  difficult  by  the  fact  that  sHght 


lished*: — 


The  photometrical  Committee  ap- 


*  E.T.Z.,  Vol.  12, 1910,  p.  363. 


differences  in  the  position  of  the  plane 
give  rise  to  such  large  variations  in 
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results.  In  addition  the  specification 
of  the  vertical  illumination  at  any 
point  in  the  street  demands  that 
measurements  should  be  taken  in  at 
least  four  different  directions,  whereas 
the  horizontal  illumination  at  any 
point  has  only  a  single  value.  The 
calculation  as  well  as  the  measurement 
of  vertical  illumination  is  also  much 
more  difficult  and  tedious  than  is 
the  case  of  horizontal  illumination, 
especially  when  the  points  considered 
fall  outside  the  line  between  two  of  a 
row  of  lamps. 

The  tests  undertaken  by  the  Photo- 
metrical  Committee  also  showed  that 
the  vertical  illumination  tended  to 
appear  relatively  high  in  comparison 
with  the  horizontal  in  the  case  of  lamps 
hung  at  low  level.  This  was  already 
well  known.  On  the  other  hand,  this 
system  of  lighting  is  certainly  not  to  be 
recommended  and  recently  the  tendency 
has  been  in  the  direction  of  increasing 
the  height  of  lamps  above  the  street  so 
that  less  of  their  light  is  thrown  in  a 
horizontal  direction.  By  this  means 
excessive  glare  is  avoided  and  it  is  also 
possible  to  secure  a  greater  uniformity 
of  illumination.  In  the  most  important 
streets  it  is  also  now  considered  advan- 
tageous for  lamps  to  be  placed  over  the 
middle  of  the  roadway,  whenever 
possible,  although,  under  these  circum- 
stances, a  vertical  surface  facing  the  side 
of  the  street  would  receive  practically 
no  direct  light.  This,  again,  serves  to 
show  that  the  maintenances  of  vertical 
illumination  is  in  practice  regarded  as 
only  of  secondary  consequence. 

The  sub-committee  discussed  all  these 
points  in  a  very  thorough  manner,  and 
came  to  the  conclusion  that  the  specifi- 
cation of  illumination  in  a  horizontal 
plane  alone  sufficed,  and  that  an 
additional  statement  of  the  vertical 
illumination  was  not  necessary.  This 
also  holds  for  interiors  where  we  are 
usually  concerned  mainly  with  the  light 
falling  on  horizontal  surfaces  such  as 
tables,  &c.,  and  the  illumination  of  the 
vertical  surfaces,  such  as  walls,  usually 
has  no  special  interest.  There  are,  of 
course,  exceptional  cases,  such  as 
picture-galleries,  libraries,  &c.,  which 
naturally  demand  special  treatment. 


The  Committee  next  proceeded  to 
discuss  the  height  above  the  ground 
level  at  which  measurements  should  be 
made.  In  the  case  of  streets  the  illu- 
mination of  the  ground  is  of  the 
greatest  consequence.  On  the  other 
hand  it  is  extremely  difficult,  and  as  a 
rule  impossible,  to  carry  out  measure- 
ments at  the  level  of  the  pavement 
with  an  ordinary  type  of  photometrical 
instrument.  Even  when  a  specially 
designed  photometer  for  this  purpose 
can  be  employed  the  tests  will  be 
seriously  interfered  with  by  the  scatter- 
ing of  mud  from  the  roadway,  and  the 
shadows  of  unwelcome  spectators.  On 
these  grounds  it  appears  desirable  to 
specify  that  the  calculation  and 
measurement  of  horizontal  illumina- 
tion should  take  place  in  a  plane  at  a 
prescribed  height  above  the  ground 
level.  Having  regard  to  the  fact  that 
the  differences  between  the  illumination 
on  the  ground  and  that  at  a  parallel 
plane  a  few  feet  above  it  is  usually 
relatively  trifling,  the  Committee  deter- 
mined to  depart  from  the  height  still 
frequently  adopted,  namely  1-5  metres 
above  the  roadway,  and  to  substitute 
a  distance  of  1  metre.  This  height 
answers  equally  well  for  outdoor  illu- 
mination and  for  the  inside  of  buildings. 
One  metre  is  also  the  height  of  measure- 
ment that  seems  to  be  most  generally 
adopted  for  indoor  work  at  the  present 
time,  and  is  about  the  same  as  the 
distance  from  the  floor  of  the  ordinary 
table.  The  recommendations  for  the 
measurement  of  illumination  in  streets, 
squares,  and  open  spaces,  therefore, 
could  also  be  regarded  as  applicable 
to  interiors. 

The  sub-committee  recommended 
further  that  the  mean,  maximum,  and 
minimum  horizontal  illumination  should 
always  be  stated.  By  the  mean  value 
is  naturally  understood  the  average  for 
the  entire  illuminated  surfc^/CCS,  and 
not  merely  the  arithmetical  mean 
between  the  maximum  and  minimum 
values.  In  determining  the  vertical 
values  of  illumination  due  considera- 
tion must,  of  course,  be  paid  to  the 
practical  limits  of  the  illuminated 
surface.  The  maximum  and  minimum 
values  should,  as  far  as  possible, 
represent  the  result  of  tests  in  several 
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different  positions,  and  should  not  be 
chance  or  "  freak  "  values  which  do  not 
represent  the  general  conditions.  The 
ratio  of  the  maximum  to  the  minimum 
horizontal  illumination  serves  as  an 
indication  as  to  whether  the  system  of 
illumination  is  more  or  less  uniform. 

The  last  point  to  be  considered  was 
the  conception  of  specific  consumption. 
It  was  agreed  that  in  the  case  of  elec- 
trical installations  this  consumption 
should  be  expressed  in  watts  and  in 
the  case  of  gas  in  litres  of  gas  per  hour, 
on  the  basis  of  a  production  of  one  Lux 
mean  horizontal  illumination  per  square 
metre  of  area  illuminated. 

The  decisions  of  the  sub-committee 
have  been  adopted  by  the  Photo - 
metrical  Committee,  and  will  be  laid 


before  the'  Verband  Deutscher  Elektro- 
techniker  at  their  annual  meeting,  with 
the  recommendation  that  they  should  be 
provisionally  adopted  for  one  year. 
During  this  time  it  should  become 
evident  whether  the  suggested  standard 
terms  and  methods  will  be  convenient 
in  practice  or  whether  any  modifica- 
tions are  desirable.  The  recommenda- 
tions will  also  be  submitted  to  the 
Verein  von  Gas  und  Wasserfach- 
mannern  with  the  request  for  their 
consideration,  and,  if  possible,  tenta- 
tive adoption.  On  these  points  the 
co-operation  of  all  engineers  connected 
with  lighting  problems  is  earnestly 
desired,  and  will,  it  is  hoped,  gradually 
be  secured. 


Illuminating  Engineering  and  the  Sale  of  Gas  Appliances. 


We  have  received  from  Mr.  Norman 
Macbeth,  lighting  expert  to  the Wels bach 
Company  in  the  United  States,  an 
admirable  booklet  entitled  '  Engineer- 
ing Data  on  the  Welsbach  System  of 
Illumination,'  which  certainly  deserves 
the  notice  of  those  interested  in  the 
sale  of  gas  appliances  in  this  country. 
The  book  is  of  a  convenient  size, 
9  in.  long,  5  in.  wide,  and  about  half 
an  inch  in  thickness,  and  is  handsomely 
bound  in  leather.  It  is  issued  to  gas 
engineers  and  companies  "  for  ex- 
clusive use  in  the  advancement  of 
incandescent  gas  illumination." 

The  book  commences  with  a  few 
instructions  regarding  lighting  specifi- 
cations and  particulars  as  to  the 
dimensions  and  characteristics  of  in- 
teriors on  which  advice  is  sought.  It 
is  interesting  to  note  that  a  broad 
distinction  is  drawn  between  cases  in 
which  the  artistic  elenient  predomin- 
ates and  expense  is  of  secondary 
importance,  cases  in  which  both  factors 
have  to  be  considered,  and  cases  in 
which  cheapness  is  a  sine  qua  non. 
There  are  also  diagrams  and  tables 
enabling  the  horizontal  illumination 
from  a  source  at  a  given  height  to  be 
obtained,  and  energy  curves  of  different 


illuminants  on  the  basis  of  equal  illu- 
mination. 

What,  however,  is  the  specially 
attractive  feature  of  the  volume  is  the 
complete  numbered  series  of  excellent 
photographs  of  different  incandescent 
gas  lamps,  each  equipped  with  its 
characteristic  shade  or  reflector.  Each 
photograph  is  immediately  preceded  by 
a  diagram  giving  the  polar  curve  of  light 
distribution  of  the  source,  its  mean 
spherical  and  mean  hemispherical  candle 
power,  the  output  of  the  source  in 
lumens,  and  the  necessary  data  re- 
garding the  reflector  used.  Readers 
will  observe  that  a  diagram  of  this 
kind  was  described  by  Mr.  Macbeth 
in  his  contribution  to  the  discussion 
of  the  Illuminating  Engineering  Society 
in  our  last  number.* 

Naturally  such  a  series  of  photo- 
graphs and  diagrams  presents  an  ex- 
cellent record,  enabling  an  engineer 
to  know  and  readily  explain  what  can 
be  expected  from  any  particular  fixture 
and  lamp.  It  is  also  interesting  to 
note  that  the  series  is  to  be  kept 
thoroughly  up  to  date,  holders  of  the 
book  receiving,  from  time  to  time. 


*  Ilium.  Eng.,  Lond.,  May,  1910,  p.  319. 
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numbered  revised  diagrams  and  photo- 
graphs of  more  recent  developments, 
to  be  filed  in  their  appropriate  positions. 

A  second  publication  from  the  Wels- 
bach  Co.  is  a  pamphlet  bound  in  similar 
style  to  the  above,  and  containing 
advice  and  instructions  to  canvassers 
and  salesmen  of  gas  appliances.  Here 
again  the  appeal  to  the  purchaser  is 
based  on  information.  The  canvasser  is 
recommended  to  use  complimentary 
letters  with  discretion,  only  selecting 
those  which  contain  valuable  con- 
firmation and  bear  directly  on  the 
point  under  consideration.  The  im- 
portance of  doing  everything  possible 
to  make  things  clear  and  agreeable 
to  the  consumer  is  insisted  upon. 
Condensed  information  is  given  on 
important  points  in  connexion  with 
illumination  in  order  that  the  claims 
on  behalf  of  the  illuminant,  lamp, 
or  fixture  recommended  may  be  sub- 
stantiated by  reference  to  reliable 
published  figures  on  the  subject. 

Salesmen  are  specially  advised  to 
make  themselves  familiar  with  other 
systems  of  lighting.  "  In  the  sale  of  gas 
illumination  the  question  of  electric 
rates  should  be  carefully  studied." 

In  this  connexion  we  should  like 
to  quote  entire  the  advice  on  the 
subject  of  illuminating  engineering  : — 

' '  When,  as  a  gas  company  salesman, 
you  advise  the  use  of  the  right  lamp 


in  the  right  place,  you  are  practising 
illuminating  engineering — doing  all  that 
the  engineer  would  do.  You  should 
know  something  about  the  principles 
of  illuminating  engineering,  and  the 
differences  between  good  and  bad 
lighting.  Do  not  exaggerate  the  ad- 
vantages of  gas  illumination — you  don't 
have  to.  Don't  waste  your  time  in 
the  attempt  to  prove  that  gas  illu- 
mination is  cheaper  than  other  methods; 
your  customer  knows  that  now,  but 
he  may  not  know  the  advantages 
which  modern  equipment  has  placed 
at  his  disposal. 

There  is  not  a  single  artificial  light 
source  or  system  to-day  which  is  one 
hundred  per  cent  criticism  proof,  when 
all  the  returns  are  in." 

In  the  further  pages  of  the  booklet 
tables  and  information  on  a  number 
of  special  points  are  given.  For  ex- 
ample, the  lighting  hours  at  different 
times  of  the  year,  the  intensity  of  illu- 
mination required  for  different  interiors, 
the  absorption  of  various  surfaces,  &c., 
are  summarized.  Special  attention  is 
devoted  to  window  lighting.  Lastly, 
stress  is  laid  on  the  desirabiUty  of 
avoiding  the  glare  of  bright  sources  in 
the  field  of  vision.  "  Repeated  ex- 
periments and  experience  prove  con- 
clusively that  clear  globes  interfere 
with  clear  vision." 


The  Care  of  Lighting  Devices. 


People  arc  not  wanting  who  appear  to 
think  tliat  a  ligliting  device,  a  generator 
for  instance,  should  run  indefinitely 
almost  without  tliouglit  or  care  as  to  the 
apparatus  itself.    If  the  same  attention 


is  given  to  cleaning  the  generator  scrupu- 
lously that  is  given  to  the  care  of  a 
mowing  machine  or  bicycle  or  engine, 
the  results  would  be  much  better. — {The 
Acetylene  Journal), 


Light  in  Exchange  for  Advertising. 

An  interesting  plan  for  lighting  streets 
in  the  city  of  Indianopolis,  in  the  United 
States,  lias  been  recently  adopted.  A 
Chicago  company  has  offered  to  liglit 
the  streets  free  of  cost  in  consideration  of 
tlio  privilege  of  utilizing  tlio  lamps  for 
advertising  devices.  This  proposal  has 
been  agreed  to,  and  it  is  said  that  the 
change  will  bo  the  saving  of  over  10,000 


dollars  a  year  to  the  city  {Elec.  Ret  .,  N.Y., 
August  14th). 


Light,  heat,  and  power  companies 
must  be  lenient,  even  to  a  point  where 
leniency  means  almost  certain  loss.  The 
wisdom  of  this  statement  is  plain  when 
we  stop  to  consider — how  can  it  be  hoped 
that  tlie  debtor  Mall  storm  his  financial 
distress  if  ho  bo  dejjrived  of  light,  heat, 
and  power  ? — LiyJit,  July,  1909. 
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Some  Architectural  Considerations  Affecting  the  Design  and 
Position  of  Lamps  and  Fixtures. 

(Abstracted  from  certain  articles  by  Dr.  R.  Bernoulli  in  recent  numbers  of  the  Zeitschrift  fur  Beleiichtunr/gicesen.) 

In  olden  days  lamps  and  their  acces-  of    the    lighting    fixtures  installed, 

sories  were  looked  upon  in  an  entirely  leaving  the  matter  in  the  hands  of  the 

different  light  from  what  they  are  engineer    and    the    contractor,  and 

to-day,  and  it   is  very    striking    to  scarcely  considering  whether  they  are 

observe  how  far  we  have  departed  likely  to  add  to  or  detract  from  the 

from  the  ancient  standpoint  in  matters  effect  of  his  designs, 

connected  with  lighting.    In  the  past  The  deviation  of  modern  practice  from 

the    illuminants    available    were     so  that  of  the  past  has  been  emphasized 

feeble  that  their  practical  use,  as  a  in  a  series  of  interesting  articles  by 


Fig.  1.— Ancient  Ironwork  Lantern,  Palazzo  Fig.  2.— Staircase  Illumination,  Herberstein 

Strozzi,  Florence.  Palace,  Graz. 
(By  the  courtesy  of  the  Editor  of  the  "  Zeitschrift  fur  Beleuchtungswesen." ) 

means  of  illuminating  the  surroundings,  Dr.  R.  Bernoulli  in  the  Zeitschrift  fur 

was  almost  relegated  to  the  background.  Beleuchtungswesiu  during  the  last  fcAv 

When  a  lighting  fixture  was  designed  weeks,  and  we  are  indebted  to  the 

it  was  regarded  primarily  as  a  decora-  courtesy  of  the  editor  of  that  journal 

tion,  and,  in  the  hands  of  the  architect,  for  the  illustrations,  taken  from  two  of 

as  a  legitimate  means  of  accentuating  these  articles,  which  accompany  these 

and  embellishing  his  effects.    To-day  remarks. 

the  architect  not    infrequently  con-  The  first  three  illustrations  represent, 

cerns^himself  but  little  as  to  the  nature  various  ancient  types  of  wall  and  stair- 
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case  lamps.  The  iron  lantern  shown 
in  Fig.  1  forcibly  illustrates  the  contrast 
between  the  ancient  and  the  raodern. 
The  value  of  this  lamp  as  a  means  of 
illuminating  surroundings,  it  is  pointed 
out,  was  evidently  of  quite  secondary 
importance.  Its  position  and  design 
were  determined  by  architectural  con- 
siderations, and  were  made  wholly 
subservient  to  the  architect's  design. 
The  staircase  lamp  shown  in  Fig.  2, 


cannot  but  wonder  whether  the  decora- 
tive aspects  of  the  question  ought 
not  often  to  receive  closer  attention 
than  they  do.  We  value  artistic  and 
architectural  feeling  in  our  buildings. 
Why,  therefore,  should  we  not  occa- 
sionally consider  the  same  qualities  in 
the  use  of  light,  and  deliberately  employ 
lamps  of  appropriate  design  simply  as 
decorative  objects  and  not  for  the  pur- 
pose of  enabling  us  to  see  our  way  about? 


Fig.  3. — Spanish  Room,  Imperial  Castle,  Prag. 
{By  the  courtesy  of  the  Editor  of  the    Zeitschrift  fur  BeleuchUcngsivesen") 


again,  has  been  seized  upon  as  an  oppor- 
tunity for  ornamental  embellishment. 

As  our  methods  of  lighting  have 
become  more  efficient,  the  decorative 
possibilities  of  lights  seem  to  have 
received  less  and  less  attention.  The 
production  of  a  powerful  uniform 
illumination  in  our  streets  by  severely 
practical  arc-lamps  and  incandescent 
gas -lamps  has  replaced  the  occasional 
use  of  wall  lamps  characteristic  of  the 
days  of  oil   and  candles.    Yet  one 


One  would  suppose  that,  in  the  hands  of 
an  expert  gifted  with  the  necessary 
artistic  perceptions,  light  so  used  might 
add  greatly  to  the  permanent  charm 
of  a  city.  In  selecting  the  lamps 
used  on  bridges,  for  example,  might 
we  not  consider  the  effect,  as  decorative 
objects,  of  a  row  of  such  lamps  seen 
from  a  distance  above  the  water,  and  the 
desirability  of  mounting  them  in  lan- 
terns and  on  pillars  in  harmony  with 
its  architectural  proportions  ? 
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When  we  come  to  the  illumination  of 
interiors,  we  are  still  more  impressed 
by  the  extent  of  the  influence  of 
principles  quite  outside  the  ordinary 
engineering  aspects  of  lighting.  Mr. 
W.  Basset  Jones,  in  a  well-known  paper 
on  this  subject,*  has  stated  that  the 
amount  of  light  a  room  requires,  from 
the  aesthetic  standpoint,  is  determined 
by  special  considerations  quite  apart 
from  such  practical  points  as  the 
intensity  required  for  reading,  &c. 
The  light  required  in  an  artistic  interior 
depends  not  only  on  the  extent  and 
quality  of  detail  to  be  exhibited,  but 
also  on  a  whole  chain  of  mental  associa- 
tion brought  into  play  by  the  history 
and  character  of  the  room. 

Dr.  Bernoulli,  again,  points  out  how 
the  design  of  a  fixture,  in  the  case  of 
interiors  of  this  kind,  must  obey  certain 
canons,  which  have  nothing  to  do  with 
its  serviceability  as  an  illuminant. 
The  different  parts  of  a  room  have  each 
their  distinctive  characteristics,  and 
their  architectural  form  has  developed 
accordingly.  For  example,  the  form 
of  the  pillars  and  pilasters  in  an  interior 
is  modified  by  their  intention  of  giving 
support.  Dr.  Bernoulli  compares  the 
lamps  in  a  room  with  the  fruit  on  a  tree, 
which,  though  it  may  require  substantial 
limbs  to  bear  it  up,  is  merely  an 
appendage.  The  dimensions  of  the 
fixtures  must,  however,  be  such  as  to 
give  the  impression  of  being  able  to 
support  the  lamp  attached  to  them, 
and  they  should  also  be  sufficiently 
massive  to  be  in  proportion  to  the 
interior  ;  note,  for  example,  the  massive 
chandeliers  shown  in  Fig.  3.  Again 


*  Ilium.  Eng.,  Vol.  I.,  1908,  p.  400. 


heavy  fixtures  of  this  class  should  be 
attached  to  something  which  is  obvi- 
ously capable  of  giving  the  necessary 
support.  When  brackets  are  used, 
therefore,  it  is  often  advantageous 
to  attach  them  to  pillars  (as  in  Fig.  3), 
which  are  recognized  to  act  as  supports 
of  the  room,  and  are  proportioned 
accordingly.  But  the  brackets  should 
not  themselves  be  so  extensive  as  to 
obscure  the  pillars  and  prevent  their 
purpose  being  clearly  evident. 

In  the  same  way,  when  heavy  fixtures 
are  attached  to  the  ceiling  there  should 
be  some  indication  that  the  portion  to 
which  they  are  attached  can  bear  their 
weight.  In  order  to  strengthen  this 
impression  a  white  ceiling  is  usually 
rovided  with  special  moulding  near  the 
ase  of  the  support.  Any  method  in 
which  there  appears  to  the  eye  to  be 
no  satisfactory  means  of  support  (if, 
for  example,  the  fixture  projects  from  a 
mirror  surface)  would  be  condemned 
on  artistic  grounds. 

Yet  another  way  in  which  architec- 
tural considerations  operate  is  in  de- 
ciding the  location  of  a  hanging  fixture. 
From  the  practical  standpoint  a  fitting 
is  placed  where  it  can  most  efficiently 
distribute  its  light.  From  the  archi- 
tectural standpoint,  however,  its 
position  may  be  determined  mainly 
by  the  sense  of  proportion  and  balance 
with  its  surroundings. 

All  these  considerations  apply  mainly 
to  interiors  in  which  the  artistic  and 
architectural  aspects  are  of  paramount 
importance.  There  are,  however,  pro- 
bably few  buildings  of  any  importance 
with  which  the  illuminating  engineer 
has  to  deal  in  which  they  can  be 
entirely  neglected. 


Forthcoming  Lectures  on  Illumination. 

It  is  always  satisfactory  to  receive  22nd.    The  first  two  lectures  will  deal 

evidence  of  the  spread  of  knowledge  with  gas  and  electric  lighting,  and  will 

on  matters  connected  with  illuminating  be  delivered  by  Prof.  J.  T.  Morris,  and 

engineering.    Our  attention  has  been  the  last  of  the  series,  on  air-gas,  by 

drawn  to  a  series  of  three  lectures  to  be  Prof.  C.  A.  Smith. 

delivered  at  the  East  London  Technical  Tickets  of  admission  can  be  obtained 

College  (Mile  End  Road,  London,  E.),  on  appHcation  to  the  Principal  of  the 

on  "  The  Technical  Aspects  of  Interior  College. 
Illumination,  "  on  June  8th,  15th,  and 
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TRADE  '^NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


"Onewatf*  Metal  Filament 
Battery  Lamps. 

In  the  last  number  of  this  journal 
reference  Was  made  to  the  "  One  watt 
drawn  wire  tungsten  lamps  now  placed 
upon  the  market.  We  have  since  received 
particulars  of  the  small  battery  lamps  of 
the  same  make.  These  also  utilize  draWn 
wire  metallic  filaments,  and  are  stated 
to  burn  at  a  specific  consumption  of 
1  watt  per  c.-p.  The  lamps  are  supplied 
in  a  series  of  different  shapes.  Those  of 
the  "  Pea  type  range  from  1'3  to  5*5 
volts  and  0-25  to  1-5  c.p.  ;  in  flame 
candle  shape  from  2  to  5-5  volt ;  in  the 
Pipless  round  shape  from  1*3  to  4  volts, 
and  from  1  to  4  c.-p.  A  Wide  range  of 
lamps  is  available  from  2  to  16  volts  in 
spherical  bulbs,  and  from  8  to  16  volts  in 
bell-shaped  bulbs. 

"  Onewatt  Battery  lamps,  for  motor- 
car and  yacht  lighting,  are  supplied  in  the 
tubular  shape  from  4  to  8  volts  (3  to 
6  c.-p.).  The  "  Festoon  and  "  Side  pip 
Mushroom  types  have  a  very  similar 
range  of  P.D.  and  candle-poWer. 

Some  of  these  shapes  are  exhibited  in 
the  accompanying  illustrations.  Full  par- 
ticulars and  lists  relating  to  these  lamps 
can  be  obtained  from  Messrs.  Siemens 
Bros.,  Ltd.  (Tyssen  Street,  Dalston, 
London,  N.W.). 


"Pea  Shape." 


"Tantalum"  Athletic  Club 
Concert. 

At  tho  recent  first  annual  concert  of  tlic 
"Tantalum"   Athletic  Club,  connected 
with  Messrs.  Siemens  Brothers,  Dalston 
Works,     held     on     Monday  evening, 
a    highly    interesting    programme  Was 
arranged,  in  the  Assembly  Hall  of  the 
Dalston   Central  Mission.    It   may  be 
added  that  tho  hall  was  illuminated  by 
"Tantalum"    and   "Onewatt"  lamps. 
We  understand  that  tho  talent  available 
was  drawn  entirely  from  tho  works  staff 
and  that  the  enjoyaljle  items  rendered 
proved  that  there  was  no  lack  in  this 


resj^ect.  A  novel  feature  was  a  singing 
comx)etition,  open  to  all  employees  of  the 
firm,  for  which  prizes  were  offered,  the 
efforts  of  the  comj^etitors  being  adjudged 
by  the  audience.  The  proceeds  of  tho 
entertainment  are  to  be  devoted  to  tho 
newly  formed  "  Tantalum  "  Athletic  Club. 


Contracts  Closed. 

Tjik  t(aid(^r  of  Messrs.  Siemens  Bros,  for 
tho  sui)ply  of  tantalum  lamps  has  been 
accepted  by  tho  WalthamstoW  Urban 
District  Council. 


THE  ILLUMINATING  ENGINEER. 


The  Automaton  Distance  Gas  Lighter. 


One  interesting  gas  exhibit  at  the 
recent  Municipal  and  Public  Health 
Exhibition  was  the  Automaton  Gas 
Lighter  of  Auto  Lighter,  Ltd.  (17, 
Victoria  Street,  London,  S.W.). 

A  number  of  devices  for  lighting  up 
and  extinguishing  of  street  gas  lamps 
at  a  distance  have  been  recently  de- 
scribed. One  important  class  depends 
upon  the  use  of  a  temporary  rise  in 
pressure  in  the  gas  mains,  this  rise  being- 
applied  at  the  station  when  it  is  desired 
to  turn  the  lamps  on  and  off. 

It  is  impossible,  in  the  space  at  oiu* 
disposal,  to  give  any  complete  idea  of  the 
mechanism  of  the  "  Automaton  lighter. 
Readers  who  desire  this  should  examine 
the  apparatus  for  themselves.  Its  special 
claim,  however,  is  that  it  can  be  specially 
suited  to  the  exact  requirements  of  any 
particular  district.  Most  engineers  in 
charge  of  a  gas  works  have  their  own 
special  methods,  and  the  local  pressure 
usually  undergoes  occasional  transitory 
fluctuations  for  which  it  is  sometimes 
necessary  to  make  provision  in  installing 
any  automatic  device  on  the  lamps  in  the 
locality.  Now  this  apparatus  is  adjust- 
able within  wide  limits,  and  can  be  set  so 
that  it  is  unaffected  by  any  desired 
range  in  pressure.  It  is  said  to  have  given 


great  satisfaction  in  Croydon  and  else- 
where. 

It  is  also  contended  by  the  maker  of 
this  device  that  an  apparatus  which 
relies  upon  the  actual  power  of  the  rise 
in  pressure  to  work  its  mechanism,  and 
so  to  light  up  the  lamp,  must  to  some 
extent  suffer  by  the  presence  of  a  variable 
degree  of  friction.  As  a  result  the  exact 
amount  of  pressm-e  required  to  put  the 
lamps  on  or  off  is  a  little  uncertain. 
Occasional  vibrations  may  have  the 
effect  of  lessening  the  friction  for  the 
moment,  and  causing  a  row  of  lamps  to 
light  up  when  they  should  not  ;  and  only 
a  few  exhibitions  of  lamps  alight  in  broad 
daylight  is  apt  to  excite  the  ridicule  of 
the  public.  In  the  Automaton  device 
the  motive  power  is  provided  by  clock- 
work. The  rise  in  pressure  only  "pulls 
the  trigger,"  and  it  is  contended  that  the 
possibilities  of  friction  interfering  with 
the  apparatus  are  reduced  to  a  minimum. 

By  a  slight  modification  the  device 
can  also  be  adjusted  to  work  on  a  falling 
pressure  instead  of  a  rise.  It  can  also 
be  arranged  to  extinguish  only  one  of 
a  pair  of  burners  at  a  given  time,  so  that, 
after  the  busiest  part  of  the  evening  is 
over,  a  smaller  amount  of  gas  can .  be 
consumed,  and  an  economy  thereby 
derived. 


A  Souvenir  of  "  Electra  House." 


We  have  received  a  copy  of  the  Souvenir, 
now  being  issued,  of  the  model  electric 
home,  arranged  by  the  South  Metro- 
politan Electric  Light  &  Power  Co.,  at 
111,  Bromley  Road,  Catford  ;  to  this 
reference  has  previously  been  made  in  this 
journal  as  an  illustration  of  the  tendency 
of  modern  electricity  supply  companies 
to  make  special  efforts  to  interest  the 
consumer. 

The  booklet  contains  a  bright  descrip- 
tion of  the  fixtures  and  methods  of  electric 
lighting  employed.  The  uses  of  elec- 
tricity for  heating  are  also  not  neglected, 
attention  being  drawn  to  the  electric 
combs,  irons,  hot  water  and  cooking 
appliances,  and  other  devices. 


There  are  also  one  or  two  rather 
interesting  examples  of  special  uses  of 
electric  light.  We  notice,  for  example,  the 
existence  of  an  illuminated  notice  of  the 
name  and  number  of  the  house  so  that  it 
can  readily  be  found  by  night.  This 
is  a  featiu-e  which  many  subiu'ban  house- 
holders would  do  well  to  copy.  Another 
ingenious  device  is  the  projection  of  an 
illuminated  clock  dial  on  to  the  ceiling  of 
a  bedroom  so  that  any  one  lying  in  bed, 
by  merely  touching  a  button,  can  look 
up  and  see  the  time  above  him. 

Any  fiu-ther  particulars  can  be  obtained 
from  the  company  at  their  offices  (183, 
High  Street,  Lewisham,  London,  S.E.). 


Reduction  in  Price 

We  have  received  from  Messrs.  Siemens 
Bros.  Dynamo  Works,  Ltd.  a  notice  of 
a  reduction  in  the  price  of  Tantalum 
lamps  which  is  to  come  into  force  on 
June  1st,  1910.  A  list  of  these  prices 
can  be  obtained  on  application  by  con- 
tractors and  dealers.    We  note  that  50- 


'  Tantalum  Lamps. 

80  volt  and  100-120  volt  lamps,  of  16 
candlepower,  will  cost  1/6  and  2/  respec- 
tively in  the  standard  bulbs  ;  50  CP. 
lamps  for  100-130,  140-160,  and  200-250 
volts  will  be  2/,  2  /6,  and  3  /,  respectively. 
The  discounts,  terms  for  contracts  &c. 
will  remain  as  hitherto. 
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The  ''Lamlock"  Electric  Lamp  -  locking  Clip. 

A  Simple  Means  of  Preventing  the  Stealing  of  Electric  Lamps. 


In  a  recent  number  of  this  journal*  a 
contributor  drew  attention  to  the  tempta- 
tion to  theft  of  the  more  expensive 
metallic  filament  lamps,  it  having  been 
not  infrequently  found  that  a  considerable 
number  of  lamps  were  taken  from  their 
sockets  during  the  night. 

We  have  received  particulars  of  a 
simple  device  for  locking  the  lamp-holder 
and  preventing  thefts  of  this  kind.  The 
"  Lamlock  device,  shown  in  the  accom- 
panying illustration,  consists  of  a  metal  clip 
with  a  slot  in  it,  there  being  also  a  hole 
fitting  over  the  pin  in  the  cap  so  as  to 
bring  the  slit  just  opposite  the  slot  in  the 
bayonet  holder.  The  metal  is  then  bent 
over  on  either  side  of  the  slit  by  the  blade 
of  a  knife  so  that  the  projection  prevents 
the  lamp  being  removed  from  the  holder. 

We  understand  that  the  price  of  the 
clips  is  only  5s.  per  gross,  and  that  they 
have  been  utilized  by  Messrs.  Lyons 
&  Co.,  Hotels  Savoy  and  Cecil,  the  Great 
Western,  Central  London  and  other  rail- 
way companies  in  large  quantities. 

Further  particulars  are  obtainable  from 
Mr.  C.  H.  Jeffcoat,  2,  Marchmont  Court, 
Addison  Gardens,  London. 

*  Illuminating  Engineer^  Lond..  April,  1910, 
p.  275. 


CIS 


When  the  lamp 
is  in  position, 
open  this  slit 
with  a  knife. 
Clip  shown 
dotted. 


Fig.  1.—"  Lamlock  "  Electric  Lamp-locking  Clip 


Osram  Lamps  on  Board  Ship. 


The  use  of  metallic  filament  electric 
lamps  has  done  much  to  improve  the 
conditions  of  illumination  in  ships, 
where  the  space  available  is  often  very 
limited,  the  ventilation  not  all  that  could 
bo  desired,  and  the  access  of  daylight  to 
cabins,  &c.,  considerably  restricted.  The 
great  majority  of  tho  ocean  -  going 
liners  are  now  equipped  with  their  own 
electric  lighting  plant.  It  is  tlioroforo 
possible  for  tho  most  convenient  and 
fairly  low  electrical  pressure  to  bo 
generated  so  that  metallic  filament  lamps 


can  often  be  used  under  the  most  advan- 
tageous conditions. 

We  have  received  some  particulars 
regarding  the  use  of  Osram  lamps  on  ono 
of  the  White  Star  Liners,  which  has  just 
retui'ned  to  port  after  a  five  months' 
cruise.  The  engineer  states  that  only 
one  lamp  failed  during  this  period 
although  the  average  life  of  the  lamps 
installed  already  exceeds  700  hours. 
Encouraged  by  this  result,  tho  vessel  is 
putting  to  sea  again  with  only  half  the 
usual  number  of  spare  lamps. 
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ILLUMINATION  AND  PHOTOMETRY. 

During  the  past  month  there  has  been  a 
variety  of  contributions  appearing  in  the 
United  States,  inckiding  some  papers 
of  special  interest  before  the  United  States 
Illuminating  Engineering  Society.  Thus  in 
the  January  nvmiber  of  the  Transactions 
Y.  R.  Lansingh  contributes  a  paper 
dealing  with  The  Design  of  Reflectors. 
It  contains  photographs  of  a  nimiber  of 
different  fixtures  the  corresponding  polar 
curve  of  light  distribution  being  attached 
in  each  case.  Another  interesting  paper 
in  the  same  volume  is  that  of  G.  E.  Hulse 
on  the  Lighting  of  Railway  Carriages. 
The  data  presented  are  unusually  com- 
plete, and  a  summary  is  made  of  the 
qualities  of  the  chief  methods  of  lighting, 
acetylene,  oil-gas,  and  electricity  avail- 
able for  carriage  -  lighting.  There  are 
photographs  of  a  number  of  different 
installations  and  full  particulars  of  the 
position  of  the  lights,  the  kind  of  shades 
used,  and  the  distribution  and  intensity 
of  illumination  over  the  carriages.  All 
this  is  presented  in  a  convenient  tabular 
form. 

The  subject  of  Street  Illumination 
again  absorbs  a  considerable  amount  of 
attention.  Dr.  L.  Bell,  in  a  recent  paper 
before  the  Illuminating  Engineering 
Society  (abstracted  Elec.  World,  N.Y., 
April  16th),  discusses  street  photometry. 
He  professes  to  be  able  to  obtain  an 
accuracy  as  low  as  half  per  cent  in  the 
laboratory,  but  only  much  more  approxi- 
mate results  can  be  looked  for  in  the 
measurement  of  illumination.  A  special 
difficulty  is  presented  by  the  unsteadiness 
of  many  street  sources,  e.g.,  flickering 
of  arc -lamps  and  fluctuations  in  the 
pressure  of  incandescent  gas  lamps.  In 
one  case  the  pressure  varied  from  1*5 
to  3-5  inches  in  a  single  evening.  An 
important  article  by  Dr.  L.  Bloch  {E.T.Z., 
April  14th),  dealt  with  the  Recommenda- 
tions of  the  Verband  Deutscher 
Elektrotechniker  regarding  the  mea- 
surement of  illumination  in  streets.  It 
is  suggested  that,  both  in  the  case  of 
interior  and  exterior  lighting,  measure- 
ments should  be  made  in  an  horizontal 
plan  at  a  height  of  one  metre  above  the 
floor  or  ground.  These  suggestions  are 
to  be  put  before  the  Verband  at  their 
next  meeting  for  tentative  adoption  for 
one  year. 

Another  valuable  paper  is  that  of 
A.  J.  Sweet  {Journal  of  the  Franklin 
Institute,  May,  1910)  the  author  analyses 
the  nature  of  good  street  lighting  placing 


special  emphasis  on  the  avoidance  of 
glare.  He  describes  researches  as  a 
result  of  which  he  comes  to  the  conclusion 
that  rays  reaching  the  eye  at  an  inclina- 
tion of  less  than  60  degrees  to  the  vertical 
have  relatively  little  influence  in  causing 
glare.  Rays  outside  this  angle  should 
therefore  be  excluded  in  street  lighting. 
With  this  object,  and  also  in  order  to 
provide  uniform  illumination,  the  ratio 
of  the  distance  between  two  lamj^s  to  the 
height  of  the  lamp  post  should  be  about  4. 
At  present  it  is  sometimes  as  high  as  15. 

The  recent  decision  of  the  Westminster 
Street  Lighting  Committee  in  London  is 
still  the  subject  of  much  comment,  and 
also  the  position  of  the  local  Government 
Board  in  connexion  with  street  lighting. 
It  is  again  pointed  out  that  if  this  autho- 
rity uses  its  influence  or  makes  recom- 
mendations on  the  subject  they  ought 
to  be  backed  by  adequate  authority,  and 
to  receive  the  assistance  of  photometrical 
experts. 

Another  subject  which  has  received 
attention  is  School  Lighting.  Hatch 
{Electrical  World,  N.Y.,  April  21),  ex- 
presses his  views  in  a  recent  paper  iDefore 
the  American  Illuminating  Engineering 
Society.  He  lays  special  stress  on  the 
need  for  the  closer  study  of  tinted  walls 
and  ceilings.  A  completely  shadowless 
illumination  is  unsatisfactory.  An  im- 
provement in  the  daylight  illumination 
may  often  be  made  by  covering  the 
windows  by  a  diffusing  translucent  shade. 
A.  J.  Marshall  {Illuminating  Engineer, 
May,  1910),  describes  an  interesting 
experiment,  extending  over  several  weeks, 
in  which  the  effect  of  different  systems 
of  lighting  on  one  of  the  pupils  in  a  school 
was  studied  in  detail.  A  featiu-e  of  the 
system  recommended  by  the  author  is  the 
use  of  amber  coloured  paper  and  similarly 
tinted  illuminants.  The  vision  of  the 
student  examined  is  stated  to  have 
distinctly  benefitted  by  the  improved 
lighting  conditions. 

There  are  a  nmnber  of  other  interesting 
articles  which  can  only  receive  brief 
attention.  Thus  C.  0.  Baker  deals  with 
Opaque  Reflectors  {Illuminating  Engin- 
eer, N.Y.,  May,  1910),  W.  E.  Barrows  and 
F.  M.  Scantlebury  contribute  general 
articles  dealing  with  interior  lighting 
and  the  distribution  of  artificial  lighting 
respectively  {Electrical  Review,  N.Y., 
April  16,  May  14)  ;  the  latter  gives  a 
summary  of  the  fundamental  conditions 
underlying  the  reflection  light  and  the 
design  of  shades  and  reflectors. 
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ELECTRIC  LIGHTING. 

Jehl  {Elec.  World,  N.Y.,  April  28)  gives 
a  description  of  the  tests  of  street  lighting 
by  electricity  and  gas  in  Budapest.  A 
feature  of  these  tests  is  the  composition 
of  the  special  committee  which  included 
a  special  expert  from  Berlin,  appointed 
to  supervise  the  carrying  out  of  the 
measurements.  The  results  are  favourable 
to  the  electric  lighting  in  this  locality. 

E.  L.  Elden  {Elec.  Rev.,  N.Y.,  April  30) 
presents  a  table  illustrating  the  effects  of 
change  in  pressvire  on  the  life  and  effi- 
ciency of  glow-lamps.  He  also  points 
out  that,  when  the  electric  supply  com- 
pany undertake  the  renewal  of  lamps, 
an  excessive  pressure  is  unprofitable. 
The  consumer  gets  more  light,  but  the 
company  has  to  supply  him  with  more 
lamps  diu"ing  a  given  period.  The  author 
therefore  advocates  the  use  of  automatic 
regulators  on  different  portions  of  the 
circuit,  and  contends  that  the  cost  of 
the  apparatus  would  be  compensated  for 
by  the  saving  in  other  respects.  Fink 
{Elec.  World,  N.Y.,  May  12)  describes  the 
manufacture  of  Ductile  Tungstens. 
Several  companies  in  the  United  States 
can,  by  this  means,  make  lamp  filament 
of  drawn  tungsten  under  1/1000  inch 
diameter. 

Knip  {Phys.  Rev.,  May)  describes  a 
form  of  Quartz  Tube  Mercury  Lamp 
for  bacteriological  purposes.  Righi 
{Lumiere  Electrique,  April  9),  A  Three 
Phase  Arc-Lamp  utilizing  three  carbons 
attached  to  the  supply  mains,  and  one 
common  unattached  electrode. 

T.  Muller  (trans.  Electrician,  April  29) 
has  recently  described  a  method  of  testing 
the  strength  of  metallic  filaments.  This 
consists  in  allowing  a  rubber  ball  to  roll 
a  prescribed  distance  down  an  inclined 
]ilane  before  striking  the  lamp  bulb.  The 
distance  it  must  roll  in  order  to  break  the 
filament  is  a  measure  of  its  strength. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

The  same  subjects  continue  to  receive 
attention.  The  Lighting  of  West- 
minster is  still  being  discussed,  and  the 
question  of  Burner  Maintenance  has 
been  much  to  the  fore.  It  is  realized  that 
in  the  case  of  gas  lighting  it  is  particularly 
desirable  that  the  consumer  should  bo 
induced  to  keep  his  burners  and  mantles 


in  good  order.  It  has  also  been  suggested 
in  some  quarters  that  a  special  company 
should  be  formed  to  look  after  con- 
sumer's lights. 

Several  papers  in  the  United  States 
press,  notably  those  of  Lansingh  and 
Rowe  {T.I.E.S.)  and  C.  W.  Hare  {Am. 
Gas  Light  Jour.,  April  25)  deal  with  large 
Display  Buildings.  That  of  the  United 
Gas  Improvement  Co.,  is  stated  to  be 
the  largest  of  its  kind  in  the  world.  The 
four-storey  building  of  the  Consolidated 
Gas  Co.  in  New  York  is  another  case  in 
point.  Different  varieties  of  interiors,  such 
as  libraries,  dining  and  drawing  rooms, 
&c.,  are  specially  furnished  and  lighted  as 
models.  A  special  feature  in  the  reception 
room  is  an  instrument  rejoicing  in  the 
name  of  the  "  sochrodometer ''  for  test- 
ing the  effects  of  different  illuminants  on 
coloiu'ed  goods.  Small  booths  are  also 
erected  in  order  to  illustrate  the  effects 
of  coloured  wall  papers. 

W.  Grix  (J.  and  G.,  May  21)  discusses 
Self-Lighting  Devices  of  the  type 
utilizing  small  pellets  which  become  in- 
candescent when  exposed  to  a  stream  of 
gas.  In  such  cases  it  is  essential  to 
provide  for  the  pellet  being  withdrawn 
from  the  flame  as  soon  as  the  gas  is 
lighted,  and  the  author  describes  an 
arrangement,  utilizing  metals  having 
a  different  co -efficient  of  expansion, 
which  enables  this  to  be  done. 

Another  Distance  Lighting  Appa- 
ratus is  the  "Automaton"  {J.C.L., 
May  3rd)  which  depends  on  the  effect  of  a 
temporary  rise  of  pressure  in  the  mains. 
An  essential  feature  of  tlie  apparatus  is 
that  the  rise  of  pressure  does  not  actually 
move  the  cock  and  turn  the  gas  on,  but 
only  releases  certain  clockwork,  and  so 
to  speak  "  pulls  the  trigger." 

Among  other  articles  we  may  note  the 
continuation  in  the  Zeitschrift  fiir  Beleuch- 
tungschesen  of  the  account  of  recent 
patents  on  Inverted  Mantles  and  in 
connexion  with  Incandescent  Petro- 
leum AND  Spirit  Lamps.  A  rather 
interesting  note  in  the  American  Gas 
Light  Journal  deals  with  what  may  bo 
termed  "  furniture  lights  i.e.,  the 
attachment  of  incandescent  gas  lights 
to  tables,  reading  stands,  &c.  In  the 
case  of  tables  a  novel  arrangement  is 
to  have  a  stand  lamp  at  each  corner. 


CONTHACTIONS  USED. 
Elek.  u.  Masch. — Elektrotechnik  und  Maschinenhan. 
E.  T.  Z. — Eleklroiechnische  Zeilnchrift. 
G.  W.—Gas  World. 

Ilium.  Eng.,  N.Y. — lUnminatinr/  Engineer  of  Net v  York. 
J.  G.  L. — Journal  of  Gadifihling. 

J.  f.  G. — Journal  j'llr  Gasbele}idUun(j  und  yVaiseroenor^^ung. 
Z.  f.  B.—Zeiltschrijl  fur  BtltuchtiUKj'swesen. 
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Photometric  Units  {Electrician,  May  6). 
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Key,  W.    Petrol  Air  Gas  {J.  G.  L.,  May  24). 

Moskowitz,  M.    High  Pressure  Acetylene  Practice  {Acetylene,  May). 

Rowe,  E.  P.,  and  Lansingh,  V.  R.,  Modern  Gaslighting  in  the  Store  Office,  and  Home  {T.  I.  E.  S., 
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Whimshurst,  F.  L.    Free  Maintenance  (J.  G.  L.,  May  3). 

The  Automaton  Lamplighter  {J.  G.  L.,  May  3), 
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The   Use   of  other   lUuminants  with    the    Mercury  Arc 
to  produce  a  White  Light. 

Abstracted  from  The  Electrical  World  of  New  York,  Sept.  23, 1909. 


H.  E.  IvES  {Electr.  World,  N.Y.,  SeiDtem- 
ber  23rd,  1909),  has  investigated  the  illu- 
minants  best  fitted,  when  combined  with 
the  mercury  vapour  lamp,  to  produce  a 
white  Hght,  apparently  resembling  day- 
light. Since  this  lamp  is  strong  in  green 
rays  and  weak  in  red,  it  might  be  thought 
that  carbon  filament  incandescent  glow- 
lamps  would  be  best  fitted  for  the  purpose. 
Actually,  however,  this  was  not  found  to 
be  the  case,  the  incandescent  mantle  and 
the  tungsten  lamp  being  both  preferable. 
In  deciding  this  point  the  Ives  colori- 
meter was  used,  a  measure  of  the  pro- 
portions of  light  from  each  of  the  lamps 
studied  being  recorded.  In  this  con- 
nexion the  author  presents  the  following 
results  : — 

It  may  be  observed  that  the  specific 


consum23tion  of  the  tungsten  mercury 
combination  is  0*8  watts  per  candle- 
power,  and  that  of  the  carbon-mercury 
combination  1*4  watts  per  candle-power. 

The  resemblance  of  the  tungsten- 
mercury  combination  with  daylight  is 
very  close,  but  the  best  attainable  match 
was  somewhat  pinkish.  It  is  pointed  out 
that  it  is  only  the  integral  colour  which 
apparently  resembles  daylight  so  closely. 
The  combined  spectrum  consists  of  a 
bright  line  and  spectrum  superimposed 
over  a  continuous  one,  and  therefore  the 
appearance  of  coloured  objects,  seen 
under  the  combined  light  may  appear 
very  different  from  that  under  daylight 
conditions. 


Red. 

Green. 

Blue. 

Proportion  Candle  Power 
to  1  c.p.  Mercury  Light. 

1.  Welsbach  {k  per  cent,  cerium) 

48-7 

38-3 

130 

2 

54  0 

37-4 

8-6 

0-57 

3'        M  (i 

57-5 

35-5 

7-0 

4.  Tungsten  lamp  (1|  w.p.c.)   

61-4 

31-7 

6-9 

0-54 

5.  Tantalum    „    (2  „   

64-6 

30-4 

5-0 

6.  Carbon       „    (3-1  „   

65-7 

29-8 

4-5 

1-4 

7.  Mercury   j 

241 

31-4 

44-5 
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EDITORIAL. 


A  Complete  Course  of  Lectures 
on  Illuminating  Engineering;. 

An  admirable  series  of  lectures  on 
various  aspects  of  illumination  is  to 
take  place  at  the  Johns  Hopkins 
University,  Baltimore,  U.S.A.,  after 
the  annual  convention  of  the  American 
Illuminating  Engineering  Society  this 
year.  The  moment  is  ripe  for  its 
organization.  Authorities,  both  in  this 
country  and  in  the  United  States, 
have  expressed  themselves  as  strongly 
in  favour  of  such  a  course,  and  the 
recent  discussion  of  the  Illuminating 
Engineering  Society  in  London  £ilso 
revealed  a  complete  consensus  of 
opinion  on  this  point. 

Thirty  -  six  lectures  are  to  be 
delivered  in  all.  They  will  be  supple- 
mented by  laboratory  work  and 
practical  demonstrations  under  the 
supervision  of  several  of  the  greatest 
authorities  on  photometry  in  the 
United  States.  From  the  account 
published  on  p.  447  readers  will  be 
in  a  position  to  judge  for  themselves 


the  value  of  this  course.  It  appears 
to  be  unique,  both  in  its  wide  scope 
and  on  account  of  the  standing  and 
number  of  authorities  who  will  deliver 
lectures  on  this  occasion.  Many  of 
the  lecturers  are  regarded  as  leading 
authorities  in  the  United  States  on  the 
subject  with  which  they  will  deal,  and 
those  who  attend  this  course  will 
certainly  have  an  excellent  opportunity, 
not  only  of  surveying  the  progress  of 
the  whole  subject,  but  also  of  appre- 
ciating the  different  points  of  view  of 
various  experts.  Among  these  lectures 
we  may  mention  the  series  of  six  lec- 
tures by  Mr.  L.  B.  Marks  (Past- 
President  of  the  American  Illu- 
minating Engineering  Society)  on 
'The  Principles  and  Design  of 
Interior  Illumination '  and  those  on 
*  The  Physical  Characteristics  of  Lumi- 
nous Sources'  by  Dr.  E.  P.  Hyde, 
the  President  for  this  year;  also  those 
of  Dr.  Steinmetz  on  '  Electric  Ulu- 
minants'  and  Mr.  W.  Cook  (Vice- 
President  of  the  American  Institute  of 
Architects)   on    '  The  Architectural 
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Aspects  of  Illuminating  Engineering,' 
&c. 

Of  special  interest,  again,  are  the 
lectures  on  the  Principles  and  the 
Design  of  Exterior  Illumination  to 
be  delivered  by  Dr.  Louis  Bell, 
Consulting  Engineer  to  the  Edison 
Electric  Supply  Co.,  in  Boston,  and 
Mr.  E.  N.  Wrightington  of  the 
Boston  Consolidated  Gras  Company, 
who  have  both  been  recently  actively 
engaged  in  advising  the  Street- 
lighting  Committee  of  Boston  on 
the  suggested  improvements  in  the 
Public  Lighting  of  that  city. 

The  idea  of  organizing  this  course 
immediately  after  the  Convention  of 
the  Illuminating  Engineering  Society 
is  a  happy  one.  Probably  it  would 
have  otherwise  been  impossible  to 
secure  the  simultaneous  assistance 
of  so  many  well-known  authorities. 
The  scheme  is  one  which  deserves 
emphatic  commendation  and  cordial 
support. 

Considerable  progress  in  the  direction 
of  lectures  on  illumination  has  un- 
doubtedly been  made  in  this  country 
of  recent  years,  and  we  have  several 
times  referred  to  the  organization  of 
series  of  lectures  on  a  small  scale  by 
enterprising  individuals.  In  passing 
we  may  note,  as  an  example,  the  series 
which  have  just  been  delivered  by 
Prof  J.  T.  Morris  and  Prof.  Smith  at 
the  East  London  Technical  College 
(these  lectures  are  referred  to  on 
p.  464).  But  we  still  await  a  com- 
prehensive course  of  the  nature  about 
to  take  place  in  the  L^nited  States, 
and  we  sincerely  hope  that  a  similar 
effort  may  shortly  he  made  in  this 
country. 

Contracts  -for  Street  Lighting. 

The  extremely  interesting  paper  of 
Mr.  Abady  which  is  reproduced  in 
abstract  on  page  434  is  a  sign  of  the 
times.  But  a  few  years  ago  the  idea 
of  a  contract  for  street  lighting  based 
upon  the  provision  of  sources  of 
light  of  a  specified  candle  power, 
or    a    given    illumination    of  the 


street,  would  have  been  regarded  as 
illusory ;  but  events  have  marched 
with  rapidity  recently,  and  this  idea  is 
now  already  a  familiar  one  which  we 
may  expect  to  see  carried  out  more 
extensively  in  practice  shortly.  The 
Institution  of  G-as  Engineers  is  to 
be  congratulated  on  having  received 
a  paper  of  such  vital  importance, 
which  should  serve  to  stimulate  public 
interest  in  this  question. 

Having,  however,  conceded  the  value 
of  Mr.  Abady's  work  in  this  respect  we 
nevertheless  differ  from  him  on  many 
of  the  points  raised  in  his  paper.  Mr. 
Abady,  for  reasons  which  are  only 
briefly  summarized,  does  not  advocate 
the  basing  of  contracts  upon  the  actual 
measurement  of  illumination  in  the 
streets.  He  prefers,  instead,  to  rely 
upon  measurement  of  the  candle  power 
of  the  individual  sources.  Yet  it  is 
the  actual  illumination  which  is  the 
ultimate  concern  of  street  lighting, 
and,  as  Mr.  Abady  himself  points  out, 
it  is  possible  to  secure  widely  different 
results  by  adopting  various  heights  of 
the  posts,  systems  of  spacing,  polar 
curves  of  light  distribution,  &c.,  even 
when  the  candle  power  of  the  S9u,rces 
has  been  definitely  decided  upon. 
Consequently  a  contract  based  only  on 
candle  power  would  have  to  be  modi- 
fied considerably  according  to  the 
local  arrangements  in  these  respects, 
whereas  one  based  on  illumination 
might  have  a  much  more  general 
application,  and  would  allow  much 
greater  latitude  to  the  contractor  in 
his  choice  of  fixtures,  spacing  of  posts, 
&c. 

Nowit  need  not  be  supposed  that  while 
we  in  this  country  have  been  consider- 
ing contracts  of  this  nature  other 
ountries  have  been  idle.  On  the 
contrary,  the  United  States  and  Ger- 
many have  both  been  devoting  a  great 
deal  of  time  to  the  subject,  and  the 
Photometrical  Committee  of  tlie  Ger- 
man Institution  of  Electrical  Engi- 
neers have  this  year  drawn  up  a  series 
of  recommendations  for  the  testing  of 
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illumination,*  according  to  which  it  is 
suggested  that  measurements  of  illu- 
mination, both  for  indoor  and  outdoor 
lighting,  should  invariably  be  made  in 
a  horizontal  plane  at  a  distance  of  one 
metre  above  the  ground.  It  is  antici- 
pated that  these  recommendations  will 
be  adopted  provisionally  for  one  year  ; 
meantime,  they  have  also  been  sub- 
mitted to  the  Grerman  Institution  of 
Gras  Engineers  for  approval.  As  will 
be  seen  from  an  article  summarizing 
the  progress  in  street  lighting  on 
page  442,  there  seems  to  be  a  growing 
recognition  that  this  method  of  mea- 
surement in  a  horizontal  plane,  while 
certainly  not  ideal,  represents  what  is, 
for  the  present,  the  best  compromise 
possible  under  the  circumstances. 

It  may  be  suggested,  therefore,  that 
it  would  be  unwise  if  totally  different 
systems  were  adopted  in  various  locali- 
ties in  this  country,  without  regard  to 
what  is  being  done  elsewhere,  and  that 
it  would  be  much  better  if  we  could 
agree  upon  a  common  system  of  testing 
which  would  be  accepted  by  all  parties 
interested.  One  thing  is  certain  :  any 
system  which  is  to  meet  with  general 
approval  and  command  respect  must 
be  contris^ed  as  the  result  of  delibera- 
tions of  accredited  experts,  and  the 
other  authorities  interested,  and  not 
as  the  result  of  the  views  of  any  one 
individual,  however  gifted  he  may  be. 

We  cannot  enter  very  fully  into  the 
details  of  this  contract.  We  might, 
however,  suggest  that  it  would  be  a 
preferable  method  to  base  the  contract 
on  a  suitable  combination  of  two 
systems,  namely,  to  specify  the  pro- 
vision of  a  certain  minimum  illumina- 
tion, and,  in  addition,  a  minimum 
energy  supply  which  can  be  measured. 

The  contract  should  be  subject  to 
revision  at  frequent  intervals,  and 
advantage  should  be  taken  of  such 
opportunities  to  adopt  any  improve- 
ment in  methods  of  lighting  which  has 
been  made  in  the  meantime,  and  which 
would  clearly  lead  to  economies  nnd 
greater  efficiency  in  the  illumination, 

^  Ilium.  Eng.,  LondoD,  June,  1910,  page  403. 


on  the  understanding  that  the  result- 
ing profits  would  be  shared  between 
the  two  parties. 

We  also  take  this  opportunity  of 
pointing  out  once  more  the  need  of 
a  Central  Board  to  control  the  lighting 
of  the  whole  of  London.  Li'ght,  in 
short,  being  a  public  necessity,  ought 
to  be  treated  in  the  same  wide  manner 
as  water  supply,  sewage  disposal, 
traffic  regulation,  and  other  public 
matters  which  have  already  been 
systematised  for  the  whole  of  London. 

There  are  many  other  points  to  which 
objection  might  reasonably  be  taken 
in  the  proposed  form  of  contract,  but 
on  which  restrictions  of  space  prevent 
our  making  lengthy  comment.  It 
may  be  said,  however,  that  in  an  im- 
portant agreement  of  this  nature  there 
should  be  no  ambiguity,  and  the 
phraseology  should  be  clear  and  defi- 
nite. Some  comments  on  points  of 
detail  which  seem  to  suffer  in  this 
respect  will  be  found  in  the  Corre- 
spondence Columns  of  this  number 
(p.  467)  ;  to  these  we  invite  our  readers' 
attention. 

Finally  we  may  add  that,  taken 
as  a  whole,  we  regard  this  contract 
as  a  valuable  precedent.  In  bring- 
ing these  criticisms  to  the  notice 
of  our  readers  our  object  has  been 
merely  to  suggest  some  respects  in 
which  it  does  not  seem  sufficiently 
accurate  or  explicit,  and  might  check 
progress  in  the  desired  direction  owing 
to  misunderstandings  occurring  on 
details. 

Good   Illumination   in  Factories 
and  Workshops. 

We  have  before  us  the  newly-issued 
Annual  Eeport  for  1909  of  H.M.  Chief 
Inspector  of  Factories,  Mr.  Arthur 
Whitelegge.  In  order  to  do  fuller 
justice  to  its  contents  we  post- 
pone detailed  comment  till  our  next 
number.  On  this  occasion  we  only 
desire  to  express  our  great  gratification 
at  the  prominent  place  assigned  on  this 
occasion  to  the  question  of  the  proper 
illumination  of  workshops  and  factories. 
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For  some  time  there  has  been  a 
growing  conviction  that  the  lighting 
conditions  in  factories  and  workshops 
required  more  careful  supervision,  and 
the  last  few  reports  of  H.M.  Chief 
Inspector  have  contained  an  increasing 
number  of  references  to  the  subject. 
Inspectors  have  continually  mentioned 
instances  in  their  experience  of  bad 
conditions  of  illumination  such  as 
must  exercise  an  injurious  influence 
on  the  health  of  employees,  or,  by 
interfering  with  their  work,  lead  to 
needless  strain  and  breakdown.  The 
present  report,  however,  takes  up  the 
matter  much  more  fully,  and  assigns 
it  far  greater  prominence  than  has 
previously  been  the  case. 

In  the  General  Report  it  is  pointed 
out  that  the  earlier  Factory  Acts  are 
silent  as  to  the  adequate  lighting  of 
workrooms,  and  that  even  the  most 
recently  issued  recommendations  have 
only  treated  the  subject  in  a 
general  manner.  Nevertheless,  the 
Report  goes  on  to  explain,  bad 
lighting  has  a  directly  injurious  effect 
on  health,  safety,  and  cleanliness, 
and  the  neglect  of  cleanliness  which  it 
occasions  may  considerably  add  to  the 
risk  involved  in  the  handling  of 
poisonous  materials.  The  Report  pro- 
ceeds to  give  illustrations  of  the  im- 
portance of  good  illumination,  both 
daylight  and  artificial,  and  makes 
special  reference  to  the  necessity  for 
proper  methods  of  measurement.  Mr. 
D.  R.  Wilson,  it  is  stated,  is  making  a 
special  study  of  this  question  on  behalf 
of  the  Home  Office,  and  has  already 
carried  out  a  series  of  measurements 
of  the  illumination  in  underground 
bakehouses,  &c. 

It  is  very  pleasant  to  note  that  the 
Report,  in  quoting  various  articles  on 
the  subject  and  summarizing  the  ex- 
isting information,  makes  special  re- 
ference to  assistance  derived  from  The 
lUurainatiTig  Encjineer,  We  need 
liardly  say  that  any  service  which  the 
Illuminating  ^Engineering  Society  or 
this  journal  can  render  in  this  direc- 


tion will  be  freely  given  in  the  future 
as  in  the  past.  Some  credit  is  cer- 
tainly due  to  this  journal  and  to  the 
Society  for  having  persistently  called 
attention  to  the  importance  of  the 
subject,  and  it  is  a  great  encourage- 
ment for  us  to  observe  that  these  views 
are  now  receiving  such  influential  and 
emphatic  support. 

The  Report  proceeds  to  point  out 
that  there  is,  as  yet,  a  great  lack  of 
adequate  data  regarding  the  conditions 
of  illumination  best  suited  for  various 
purposes.  At  present,  and  for  some 
time  to  come,  a  great  deal  of  pioneer- 
ing work  will  be  necessary,  though  the 
accumulated  experience  of  the  last  few 
years,  and  especially  the  formation  of 
the  Illuminating  Engineering  Socie- 
ties in  this  country  and  in  the  United 
States,  has  already  led  to  a  consider- 
able advance  in  knowledge  of  the 
fundamental  principles  of  the  subject. 
We  may,  however,  anticipate  that 
much  patient  work  will  be  necessary 
before  any  very  definite  recommenda- 
tions on  factory  lighting  can  be  made. 
We  feel  sure  that  all  those  who  desire 
to  see  this  matter  dealt  with  in  a  broad 
and  scientific  manner  will  commend 
the  intention  of  the  Home  Office  of 
feeling  their  way  gradually  towards 
positive  conclusions.  It  is  quite 
enough  that  the  importance  of  the 
subject  should  be  realized,  and  that  a 
steady  effort  should  now  be  put  forth 
to  acquire  the  needed  information  and 
data.  Even  so,  the  influence  which 
the  department  can  exercise  will  be 
very  considerable,  and  their  sugges- 
tions would  often  be  highly  valued  by 
those  in  doubt  as  to  the  respects  in 
which  their  lighting  arrangements 
need  modification.  The  truth  of  the 
matter  is  that  all  parties  now  concede 
that  the  present  state  of  things  is 
unsatisfactory.  Their  only,  doubt  is  to 
whom  they  shall  look  for  guidance. 
Both  in  the  literal  and  the  metaphori- 
cal sense,  the  public  demand  at  the 
present  is  for  "  more  light  "  —  and 
better  illumination. 

Leon  Gaster, 
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Review  of  Conte 

Mr.  A.  P.  Trotter  (p.  423)  now  pro- 
ceeds to  give  the  results  of  a  series  of 
Practical  Measurements  of  Illu- 
mination undertaken  by  himself  and 
Sir  William  Preece  previous  to  1892. 
Some  of  these  refer  to  street  lighting, 
and  the  suggestion  was  put  forward  at 
that  time  that  the  minimum  value  per- 
missible should  not  be  less  than  0-03 
foot -candles.  Other  data  are  given 
relating  to  the  illumination  of  the 
South  Kensington  Museum,  and  the 
conditions  prevaihng  in  the  Charing 
Cross  and  Caimon  Street  Railway 
Stations  at  this  period,  &c. 

^  Dr.  B.  Monasch  (p.  427)  concludes 
his  article  on  the  use  of  Metallic 
Oxide  Electrodes  for  Arc  Lamps. 
He  summarizes  the  qualifications 
of  the  materials  to  be  used  for 
this  purpose  and  describes  a  number 
of  methods  by  which  such  electrodes 
can  be  rendered  conducting  in  the  cold 
state.  Finally  he  gives  some  par- 
ticulars of  the  magnetite  and  titanium 
carbide  arc  lamps,  and  discusses  condi- 
tions under  which  such  lamps  can 
compete  with  high  candle-power  in- 
candescent glow-lamps  for  street  light- 
ing. 

Following  this  will  be  found  an 
account  of  the  Annual  Meeting  of  the 
Institution  of  Gas  Engineers  (p.  430), 
in  which  reference  is  made  to  the 
Presidential  Address  delivered  on 
this  occasion  and  the  paper  on  '  Public 
Lighting  from  the  Municipal  Stand- 
point by  Mr.  J.  Abady.  An  abstract 
of  this  paper  will  be  found  on  p.  434. 
The  author  discusses  the  conditions 
with  which  a  good  contract  for  street 
lighting  ought  to  comply,  and  gives 
three  forms  on  which  specifications 
might  be  modelled.  The  method  he 
favours,  however,  is  that  based  on  the 
provision  of  a  certain  minimum  candle- 
power,  and  he  proceeds  to  quote, 
from  the  contract  of  the  Westminster 
and  City  Council,  details  for  the  carry - 


its  of  this  Issue. 

ing  out  of  periodical  photometrical 
tests  to  ensure  the  preservation  of  this 
value.  The  last  portion  of  the  paper 
contains  an  analysis  of  the  objects  of 
street  lighting,  the  best  kind  of  polar 
curve  for  light  distribution,  and  the 
spacing  of  lamps,  &c.  A  brief  account 
of  the  discussion  following  this  paper 
is  also  given. 

Reference  may  here  be  made  to  a 
note  on  the  Memorial  of  Sir  George 
Livesey  ^  an  illustration  is  given  of  the 
statue  of  him  by  Mr.  F.  W.  Pomeroy 
which  is  now  on  view  at  Burlington 
House  (p.  433). 

The  paper  on  street  lighting  contracts 
referred  *  to  above  is  followed  by  an 
article  in  which  the  views  of  a  number 
of  authorities  recently  published  on 
Street  Lighting  and  Street  Photo- 
metry are  summarized  (p.  442).  It 
is  pointed  out  that  in  the  majority  of 
cases  it  seems  to  be  considered  that 
measurements  of  the  actual  illumina- 
tion in  a  horizontal  plane  are  most 
desirable,  and  this  system  has  been 
recommended  by  the  photometrical 
committee  of  the  Verband  Deutscher 
Elektrotechniker.  It  is  also  suggested 
that  good  street  lighting  consists  mainly 
in  a  compromise  between  the  produc- 
tion of  uniform  illumination  and  the 
avoidance  of  glare.  Several  new  types 
of  reflectors,  designed  to  produce  the 
requisite  uniformity,  are  described,  and 
reference  is  made  to  a  paper  by  Mr. 
A.  J.  Sweet  which  contains  several 
practical  suggestions  for  Hmiting  glare. 
Finally,  attention  is  drawn  to  the 
possible  application  of  the  new  Quartz 
Mercury  Vapour  Lamp,  having  an 
exceptionally  low  intrinsic  brilHancy, 
to  street  lighting. 

On  p.  447  an  account  is  given  of  the 
Course  of  Lectures  on  Illuminating 
Engineering  to  be  held  at  the  Johns 
Hopkins  University,  Baltimore,  U.S.A., 
after  the  Annual  Convention  of  the 
American    Illuminating  Engineering 
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Society.  The  course  contains  thirty- 
six  lectures  on  different  sections  of 
illuminating  engineering,  all  delivered 
by  experts  in  their  respective  fields. 
The  course  will  be  supplemented  by 
practical  work  and  demonstrations 
under  the  supervision  of  several  of  the 
leading  authorities  on  photometry  in 
the  United  States. 

A  paper  by  Dr.  E.  P.  Hyde  (p.  450) 
deals  with  Radiation  Phenomena 
AS  Applied  to  Incandescent  Fila- 
ments. The  author  proceeds  to  discuss 
several  methods  of  ascertaining  whether 
a  high  luminous  efficiency  of  a  filament 
is  due  to  selective  radiation,  or  high 
emissivity,  or  high  temperature  ;  these 
methods  are  based  upon  an  analysis 
of  the  relation  between  the  intensity  of 
radiation  in  different  parts  of  the 
spectrum  of  an  incandescent  material, 
and  its  "  lumens  per  watt."  Experi- 
ments have  already  been  described 
dealing  with  tungsten,  tantalum,  and 
other  materials,  and  the  author  has 
since  added  data  on  platinum.  This 
paper  is  to  be  continued  in  a  sub- 
sequent number.  Following  (p.  453) 
will  be  found  a  series  of  Short  Notes 
on  Illuminating  Engineering  com- 
piled from  various  sources,  such  as  the 
action  of  The  Local  Government 
Board  in  Connexion  with  Street 
Lighting,  the  Design  of  Fixtures, 
methods  of  Testing  the  "  Steadi- 
ness "  OF  Sources,  &c. 

On  p.  455  is  an  article  by  an  Engin- 
eering Correspondent  dealing  with  the 
Lighting  of  the  Old  South  Kensing- 
ton Museum.  It  will  be  recalled  that 
the  lighting  of  the  new  South  Kensing- 
ton Museum  was  discussed  in  the  May 
number  of  this  journal.  In  the  present 
article  the  writer  contends  that  the 
illumination  in  many  quarters  is  not 
all  that  can  be  desired,  and  could  often 
be  materially  improved  by  installing 
more  up-to-date  lamps  and  fixtures. 
Illustrations  are  given  showing  the 
route  followed  by  the  author  when 
visiting  the  Museum. 

A  series  of  lectures  have  also  been 
delivered  at  the  East  London  College 
by  Prof.  J.  T.  Morris  and  Prof.  C.  A.  M. 
Smith  respectively  (p.  464)  dealing 


with  The  Illumination  of  Interiors. 
The  first  two  lectures  dealt  with  the 
natural  and  electric  lighting,  and  the 
third  with  petrol-air  gas.  An  account 
was  given  of  methods  of  studying  the 
intensity  of  dayUght,  the  variability  of 
which,  though  exceedingly  great,  takes 
place  more  gradual  than  do  fluctuations 
in  artificial  lighting.  To  illustrate  the 
latter  the  lecturer  described  a  series 
of  tests  carried  out  on  the  underground 
railways  according  to  which  it  was 
shown  that  the  illumination  varied 
very  considerably  from  station  to 
station.  Curves  were  also  given  show- 
ing the  effects  of  light  on  the  pupil 
aperture  of  the  eye,  the  influence  of 
glare,  and  shades  and  reflectors.  In 
the  last  series  of  lectures  the  qualities  of 
Petrol-Air  Gas  were  dealt  ,  with  in  a 
general  manner,  several  different  plants 
being  exhibited. 

Among  other  articles  we  may  mention 
that  on  p.  461,  in  which  a  brief  account 
is  given  of  some  Tests  on  Incan- 
descent Mantles  and  Electric  Glow 
Lamps,  including  the  polar  curves  of 
various  illuminants.  On  p.  448  will  be 
found  a  short  note  on  the  use  of 
Acetylene  for  Emergency  Lighting. 

It  is  pointed  out  how,  during  the 
recent  floods  of  Paris,  both  the  gas  and 
electricity  supplies  were  out  of  order 
and  portable  self-contained  systems  of 
lighting  were  found  very  serviceable. 

Portable  high  candle-power  acetj'^lene 
outfits  are  also  used  in  connexion  with 
the  erection  of  buildings,  &c. 

At  the  end  of  this  number  some 
correspondence  is  published  dealing 
with  the  Specifications  for  Street 
Lighting  described  by  Mr.  J.  Abady 
earlier  in  this  number.  It  is  pointed 
out  that  some  of  the  directions  in  this 
contract  are  not  sufficiently  definite 
and  explicit.  For  example,  it  is  of 
little  value  to  specify  that  a  lamp  must 
give  a  "  steady"  light  and  have  a 
white  or  j^ellowish  white  colour,  unless 
some  directions  are  given  as  to  how 
these  qualities  are  to  be  tested. 

On  p.  470  will  be  found  the  usual 
Review  of  the  Technical  Press. 
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The  Editor  while  not  soliciting  contributions,  is  willing  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the 
correspondence  columns  of  *  The  Illuminating  Engineer.^ 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors. 

Illumination,  its  Distribution  and  Measurement. 

By  A.  P.  Trotter. 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p,  S67,  Vol.  III.) 


Practical  Measurements  of  Illumina- 
tion.— The  first  section  of  these  articles 
treated  of  the  theory  of  the  distribu- 
tion on  a  horizontal  plane  ;  the  second 
described  photometers  for  measuring 
candle-power  and  photometers  for 
measuring  illumination ;  this  third 
and  last  part  deals  with  results  of  some 
early  examples  of  practical  measure- 
ments of  illumination. 

The  only  records  which  I  have  of 
measurements  of  illumination  made 
with  Sir  W.  Preece  in  the  "  eighties  " 
are  a  few  of  the  experimental  lighting 
at  Wimbledon.*    Fig.  123  is  probably 


places,  and  the  amount  of  that  illu- 
mination in  foot -candles. 

The  observed  distribution  of  illu- 
mination was  found  to  agree  very 
closely  with  the  general  results  which 
might  have  been  arrived  at  by  calcula- 
tion. This  agreement  was  satisfactory 
since  it  afforded  a  practical  confirma- 
tion of  the  theory.  Iso-lux  curves  or 
contours  of  equal  illuminations  based 
on  calculations,  such  as  those  of  M. 
Marechal*  are  interesting  exercises, 
and  make  attractive  diagrams,  but 
they  do  not  carry  much  weight  with  the 
consulting  engineer,  borough  surveyor, 


one  of  the  earHest  illumination  curves 
plotted  from  actual  measurements. 
These  were  taken  on  May  21st,  1884. 
Two  Swan  lamps  on  posts  20  ft.  high 
were  set  100  ft.  apart.  The  measure- 
ments were  calculated  in  foot-candles 
or  metre  candles,  but  are  plotted  with 
100  as  an  arbitrary  maximum. 

The  two  principal  objects  of  the 
work  which  I  carried  out  in  London  in 
the  winter  of  1891-2  were  to  ascertain 
the  nature  of  the  distribution  of  illu- 
mination in  various  streets  and  public 

*  Report  of  Mr.  W.  H.  Preece  to  the  Streets 
Committee  of  the  Honourable  the  Commissioners 
of  Sewers  of  the  City  of  London.  1885.  See  also 
The  Electrician,  Vol.  14,  p.  498. 


Fig.  123.— Curve  of  Street  Illumination  (188t). 


or  lighting  contractor.  On  the  other 
hand,  three  or  four  dozen  good  measure- 
ments of  illumination  plotted  graphic- 
ally either  as  illumination  curves  or  as 
contours,  do  not  carry  full  conviction 
unless  it  can  be  recognized  that  they 
represent  results  which  can  be  analyzed 
by  simple  calculation.  If  the  engineer 
who  has  to  specify  for  or  to  carry  out 
the  illumination  of  a  street  or  building, 
examines  a  few  cases  of  measurements 
of  illumination,  or  better  still  if  he 
makes  a  few  tests  with  an  illumination 
photometer  and  compares  them  with 
the  theoretical  distribution  ,  just  as  a 

*  UEclairage  d  Paris. 
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civil  engineer  might  study  the  con- 
struction of  different  types  of  bridges 
and  compare  them  with  the  theory  of 
their  design,  he  will  be  able  to  judge 
intelhgently  of  the  two  chief  factors 
of  practical  illumination ;  first  the  degree 
of  uniformity  which  is  desirable  for  a 
particular  case,  and  how  that  may  be 
obtained  by  the  best  distance  between 
the  lamps  and  their  best  height  from 
the  ground  ;  and  second,  the  candle- 
power  necessary  to  give  the  illumina- 
tion desired. 

In  1892  I  did  not  attempt  to  deduce 
any  definite  rules  from  the  results  of 
my  measurements,  but  I  stated  that 
0"03  foot-candle  appeared  to  be  the 
lowest  point  that  should  be  reached  in 
a  well  lighted  street.  In  the  eighteen 
years  which  have  elapsed  since  those 
measurements  were  made,  the  minimum 
illumination  of  streets  and  average 
speed  of  the  traffic,  and  perhaps  the 
noise,  have  increased  about  three 
fold. 

South  Kensington  Museum.— I  have 
had  some  hesitation  in  re-writing  that 
part  of  my  paper  of  1892  which  dealt 
with  the  result  of  measurements,  but 
I  offer  them  to  my  readers  partly 
because  they  were  the  first  set  of 
extensive  measurements  of  illumination, 
and  partly  for  the  purpose  of  compari- 
son with  the  improved  fighting  of  the 
present  day.  One  of  the  first  examples 
which  I  examined  was  that  of  South 
Kensington  Museum.  The  Sculpture 
Court,  containmg  the  Trojan  Column 
was  well  and  sufficiently  lighted  by 
Brush  arc -lamps  placed  at  the  very 
considerable  height  of  about  50  ft. 
This  Court,  which  still  remains  with 
but  fittle  alteration,  is  135  ft.  by  60  ft., 
the  height  of  the  ceiling  is  83  ft.  The 
illumination  was  quite  sufficient  for  the 
students,  who  are  to  be  found  there 
in  the  evening,  sketching  architectural 
and  other  details.  The  great  size  of 
many  of  the  objects  exhibited  in  this 
court  prevented  more  than  seven  or 
eight  lamps  being  seen  from  any  one 
position.  It  was  found  that  the  illu- 
mmation  6  in.  from  the  ground  de- 
pended at  any  point  simply  on  the 
number  of  arc -lamps  in  sight  at  that 
point.    The   following   readings  were 


taken  near  the  end  of  1891  with  the 
5  in.  cube  photometer*  : — 
Foot-candles  0-55  O'S  06  0*5  0  8  0-7. 

Number  of  arcs  in  sight  6     6.7      6     8  7 

In  the  Silversmith's  Court  the  illu- 
mination was  found  to  be  2' 6  foot- 
candles  with  ten  arc  lamps  in  sight. 
In  the  Japanese  Court  1*6  foot-candle 
with  eight  lamps  in  sight  ;  in  the 
Great  Hall  near  the  centre,  2*4  foot- 
candles  with  nine  arc  lamps  in  sight, 
the  lamps  being  about  25  ft.  from  the 
floor.  In  the  Gallery  over  the  Silver- 
smith's Court,  near  the  book-binding 
cases,  about  3*5  foot-candles  were 
recorded.  Opposite  the  refreshment 
room,  in  the  corridor  lighted  by  glow- 
lamps,  the  illumination  was  found  to 
be  0*65  foot-candle. 

In  the  report  on  the  action  of  light 
on  water -colours!  by  Dr.  Russell  and 
Capt.  Abney,  measurements  made  by 
General  Festing  with  the  Preece  Photo- 
meter are  given.  North-east  water- 
colour  gallery  (gas)  1*81  foot -candle  ; 
south-east  water-colour  gallery  (gas) 
2' 32  foot-candles  ;  Jones  Bequest 
gallery  (electric  glow-lamps)  1*72  foot- 
candles  ;  Raphael  gallery  (arc)  2' 26  foot- 
candles  ;  Sheepshanks  gallery  (arc) 
3"  12  foot-candles.  The  mean  natural 
illumination  of  daylight  measured  for 
the  blue  rays  in  one  of  the  galleries 
during  April  and  May  was  about  13 
foot -candles.  On  thirteen  days  it 
exceeded  20-foot  candles,  the  maximum 
was  about  36. 

Charing  Cross  and  Cannon  Street 
Stations. — ^By  permission  of  Sir  Myles 
Fenton,  measurements  were  made  at 
Charing  Cross  and  Cannon  Street 
Stations.  The  arc -lamps  at  Charing 
Cross  were  about  18  ft.  from  the  plat- 
form. The  maximum  illumination  on 
the  evening  of  January  29th,  1892. 
was  to  be  found  between  15  and  22  ft, 
from  the  point  below  the  lamp,  and 
varied  from  0*4  to  0'5  foot-candle. 
The  minimum  was  about  0"05  foot- 
candle.  There  were  fourteen  arc -lamps 
in  the  station,  arranged  somewhat 
irregularly  in  four  rows.  The  station 
covers  about  9,050  square  yards.  There 
were,  therefore,  roughly,  646  square 
yards  to  each  lamp. 

*  Ilium.  Em/  Lond.  Vol.  ii.,  p.  658. 
t  Blue  Book,  C.  515:3, 1888. 
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Two   sets    of   measurements    were  covers    about    13,900    square  yards, 

made  at  Cannon  Street  Station,  one  giving  about  1,740  square  yards  to 

with  the  6  in.  cube  photometer,  and  each  lamp.    The  minimum  was  about 

another,  on  the  date  already  mentioned,  0'025,  and  maximum  0'35  to  0'4  foot- 

with    tiie     improved     form.      These  candle,  distinctly  less  than  at  Charing 

measurements  agreed  fairly  well  with  Cross  ;   but  the  greater  height  of  the 

each  other  ;  the  first  pattern  gave  low  lamps  prevented  the  glare  which  was 
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Fig.  121.— Distribution  of  Illumination  at  Cannon  Street  Station  (1892). 


readings  for  low  illuminations,  owing  to 
diffused  light  on  the  reflecting  screen. 

Fig.  124  shows  the  distribution  of 
illumination  along  the  main-line  arrival 
platform,  starting  from  the  point 
beneath  a  lamp  enclosed  in  a  lantern 
of  clear  glass .  There  was  a  deep  shadow 
of  0*05  to  0'06  foot-candle  beneath 
the  lamp.  All  the  readings  are  given 
as  small  circles  on  the  curve.  The 
lamps  were  an  old  form  of  the  Brockie 
pattern,  and  took  15  amperes  ;  they 
were  hung  at  about  35  ft.  from  the 
platform.  There  were  eight  lamps, 
arranged  symmetrically.    The  station 


to  be  found  at  the  latter  station 
Assuming  the  volts  of  the  lamps  to  be 
about  the  same,  the  watts  expended 
at  Charing  Cross  were  about  15  per 
cent  greater  than  at  Cannon  Street. 
The  difference  in  illumination  was 
greater  than  this  ;  but,  owing  to  the 
irregular  arrangement  of  the  lamps  at 
Charing  Cross,  an  exact  comparison 
could  not  be  effected  unless  a  complete 
survey  of  the  station  had  been  made. 
On  May  6th,  1910,  the  maximum 
illumination  on  the  arrival  platform 
at  Cannon  Street  was  165  foot-candle, 
and  the  minimum  was  0'08. 


{To  he  continued.) 


Metric  System  to  be  used  in  Papers  presented  before 
the  Illuminating  Engineering  Society  in  the  United  States. 


At  the  regular  meeting  of  the  Council 
held  on  June  9th,  1910,  it  was  resolved 
that  wherever  practicable,  metric  equi- 
valents be  placed  in  parentheses  after 
English  measures  in  technical  papers 


presented  before  the  Society.  By  this 
means  it  is  hoped  to  familiarize  readers 
with  the  use  of  the  metric  system  and 
thus  facilitate  the  ultimate  adoption  of 
that  system. 


The  Hefner  Lamp  and  the  British  Candle-Power. 


A  test  has  recently  been  made  at  the 
National  Physical  Laboratory  by  Mr. 
C.  C.  Paters  on  at  the  request  of 
Mr.  A.  P.  Trotter,  of  a  Hefner  lamp 
which  he  bought  in  1895.  The  sighting 
gauge  has  been  packed  up  so  as  to 
increase  the  height  of  the  flame  by 
4mm.  After  applying  Liebenthal's 
correction  for  moisture  (from  12  litres 


per  cubic  metre,  at  which  the  test  was 
carried  out,  to  8  litres,  the  British 
normal  value),  and  a  small  correction 
for  barometer,  the  value  in  British 
candle  -power  was  found  to  be  0*995. 
This  shows  that  only  a  simple  adjust- 
ment is  required  to  convert  the 
intensity  of  the  Hefner  lamp  into  one 
British  candle. 
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The  International  Hygienic  Exhibition  at  Dresden. 


The  attention  of  our  readers  may  be 
drawn  to  the  International  Exhibition 
of  Hygiene  to  be  held  at  Dresden 
from  May  to  October  in  1911  when 
there  will  be  discussions  on  all  matters 
connected  A\ith  hygiene  and  public 
health  accompanied  by  exhibitions  of 
scientific  apparatus  and  industrial  pro- 
cesses connected  therewith. 

The  exhibition  has  grown  out  of  the 
conference  on  public  health  held  in 
Dresden  in  1903.  On  this  occasion  an 
instructive  exhibition  entitled  '  Pubhc 
Diseases  and  How  to  Combat  Them  ' 
was  exceedingly  effective  in  arousing 
pubhc  interest.  A  subsequent  con- 
ference of  German  experts  on  hygiene 
was  again  held  in  the  same  city  in  1906, 
and  it  was  then  decided  to  hold  an 
international  exhibition  of  1911.  At 
this  exhibition  there  are  to  be  a  number 
of  different  sections  devoted  respec- 
tively to  the  popular,  scientific,  his- 
terical,  and  indusrrial  aspects  of 
hygiene  ;  there  will  also  be  a  special 
display  illustrating  the  part  played  by 
sports  in  promoting  health. 

The  programme  has  been  divided  into 
twelve  main  branches  which  are  again 
subdivided.  The  first  of  these  deals 
with  air,  light,  soil,  and  water,  and 
their  influence  on  health.  Under  this 
heading  is  included  the  distribution  of 
light,  its  constitution,  and  the  physical 
and  chemical  effects  of  different  parts 


of  the  spectrum,  diffused  sunlight, 
methods  of  measuring  hght,  &c. 

The  subject  of  illumination  will  again 
be  considered  under  Group  II.  The 
Chairman  of  the  Committee  dealing 
with  this  point  is  Dr.  Kruse,  Director 
of  the  Hygienic  Institute  and  Uni- 
versity at  Konigsberg,  while  Dr.  Bunte 
of  the  Technische  Hochschule  at  Karls- 
ruhe, and  Dr.  Wedding  of  Charlotten- 
burg,  are  also  giving  their  support  and 
assistance. 

Other  matters  of  pubhc  consequence 
to  be  discussed  include  Ventilation  and 
Water  Supply,  Town  Planning,  Purity 
of  Food,  Hygienic  Clothing,  Industrial 
and  School  Hygiene,  &c. 

In  the  introduction  setting  forth  the 
objects  of  this  Exhibition  a  note  is 
struck  which  is  in  full  accordance 
with  the  tendency  of  the  day,  namely, 
the  desire  for  concerted  action  between 
different  nations  and  professions  in 
order  to  combat  such  diseases  as  tuber- 
culosis and  discuss  questions  affecting 
social  hygiene.  The  support  of  societies 
and  institutions  in  other  countries  will 
be  welcomed  and  it  is  hoped  that  they 
will  assist  the  objects  of  the  Exhibition 
by  showing  novel  scientific  apparatus, 
&c.  We  hope  that,  among  other  ser- 
vices, the  Exhibition  will  serve  to 
stimulate  further  the  growth  of  in- 
terest in  the  hygienic  aspects  of  illu- 
mination. 


Mine  Rescue  Apparatus. 


With  reference  to  Mr.  Winston  Churchill's 
statement  in  the  House  of  Commons 
on  Thursday  last,  "  that  the  time  has  now 
arrived  when  a  definite  effort  should  be 
made  to  break  new  ground  and  set  up  a 
higher  standard"  of  safety  in  mines,  we 
learn  that  a  Committee,  appointed  by  the 
Council  of  tlie  Royal  Society  of  Arts,  and 
und(!r  tlie  chairmanship  of  Sir  Henry 
Cunynghame,  K.C.B.,  is  now  considering 
the  relative  merits  of  a  number  of  life- 
saving  appliances  which  have  been  sub- 


mitted in  response  to  an  offer,  imder  the 
Fothergill  Trust,  of  a  gold  medal  or  prize 
of  20/.  for  the  best  portable  apparatus  for 
enabling  men  to  vmdertake  rescue  work 
in  mines  or  other  places  where  the  air  is 
noxious.  The  Committee  of  the  Society 
are  in  communication  with  the  South 
Midland  Coal  Owners  Mine  Rescue  Ex- 
jxuMuu^ntal  Committee,  who  are  also  con- 
ducting exhaustive  inquiries  with  a  view 
to  discovering  the  mowt  suitable  apparatus 
for  use  in  the  South  Midland  coaUields. 
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The  Use  of  Metallic  Oxides  in  Arclamp  Electrodes. 

By  B.  Monasch. 
(Concluded  from  p.  394.) 


IV. 

In  selecting  the  metallic  oxides  used 
in  arclamp  electrodes,  one  has  to  bear 
in  mind  other  points  besides  their  pro- 
perties as  producers  of  light.  Such 
oxides  must,  in  general,  have  three  main 
qualifications.  They  must  be  good 
light  producers,  must  have  a  satis- 
factory electrical  conductivity,  and 
must  waste  away  at  a  sufficiently  slow 
rate.  Of  the  metallic  oxides  which 
conduct  in  the  cold  state  there  are 
some,  such  as  PbO.,  CdO,  MnO.,  &c., 
which  can  be  dismissed  at  once,  for 
they  yield  Jittle  light  and  melt  at  too 
low  a  temperature.  In  these  experi- 
ments magnetite,  both  in  the  form  of 
blocks  about  the  size  of  one's  fist  and 
also  in  a  pulverized  form,  was  found  to 
be  a  good  electrical  conductor  in  a 
supply  P.D.  of  110  volts.  It  is  remark- 
able that  Streintz*  has  included 
magnetite  among  the  non-conducting 
oxides.  Arclamp  electrodes  are  usually 
cast  in  a  cyhndrical  form  and  one 
must  therefore  shape  the  magnetite 
accordingly.  The  simplest  method  of 
doing  this  is  to  fill  an  iron  tube  with 
magnetite  powder  or  small  particles, 
the  iron  tube  serving  merely  as  a 
mechanical  holder.  After  the  arc  has 
been  formed  an  electrically  conducting 
molten  cup  is  formed  on  the  tip  of  the 
electrode.  Such  metallic  oxides  as 
do  not  conduct  in  the  cold  state  must 
somehow  be  rendered  conducting.  This 
can  be  accomplished  by  means  of  the 
metallic  outer  tube  which  serves  two 
distinct  purposes,  namely,  to  lead  the 
current  to  the  tip  of  the  electrode  and 
to  add  to  the  non-conducting  core 
a  certain  percentage  of  conducting 
material.  A  cup  of  molten  material 
of  this  nature  then  forms  at  the  tip  of 
the  electrode  rendering  it  possible  to 
strike  an  arc  on  a  110- volt  circuit  even 
in  the  cold  state. 

It  was  in  this  way  that  the  magnetite 
electrodes  of  the  General  Electric  Co., 
of  New  York  were  constructed.  One 

*  Drud.  Ann.  der  Physik,  9,  p.  885,  1902. 


can  also  achieve  the  same  object  by 
mixing  the  non-conducting  and  con- 
ducting metallic  oxides  in  the  powdered 
state  into  a  thick  paste  with  some  bind- 
ing material.  Out  of  this  paste  elec- 
trodes are  pressed  and  are  subsequently 
treated  by  processes  similar  to  those 
used  for  carbon  electrodes.  In  the 
course  of  such  processes  the  metallic 
oxides  are  completely  or  partially  con- 
verted into  the  metallic  state  so  as  to 
give  the  electrodes  a  good  electrical 
conductivity.  Ladoff"^  has  observed 
that  the  more  strongly  reduced  elec- 
trodes gave  the  more  light  ;  for  this, 
however,  a  number  of  different  circum- 
stances, quite  apart  from  the  degree  of 
reduction,  seems  to  be  responsible. 

As  shown  in  Fig.  3  pure  titanium 
oxide  appears  to  be  the  best  producer 
of  light  among  the  materials  examined. 
Yet  pure  oxides  of  this  nature  can  only 
be  used  in  the  electrodes  when  some 
method  of  starting  the  arc  is  provided. 
Pure  titanium  oxide,  in  a  cyhndrical 
iron  skin  0*2  mm.  in  thickness  and 
having  a  total  diameter  of  16  mm.,  forms 
a  molten  cup  on  the  electrode  tip  which 
on  cooling  refuses  to  start  an  arc  on 
110  volts.  When  220  volts  is  appHed 
the  arc  can  usually  be  started  but  not 
invariably  so,  the  result  depending 
upon  the  exact  situation  of  the  arc 
previous  toits  being  extinguished. 

It  is  possible  to  improve  the  conduc- 
tivity of  the  electrodes  by  other  methods 
— for  example  by  the  addition  of 
suitable  metals  to  the  non-conducting 
metallic  oxides.  It  is,  however, 
essential  that  the  metals  should  be 
in  a  very  finely  powdered  state.  Other- 
wise the  arc  would  from  time  to  time 
fight  upon  the  larger  metallic  particles 
and  the  flame  would  lose  in  luminosity 
and  change  colour.  Some  experiments 
were  carried  out  on  this  point,  metallic 
powder  being  added  to  the  powdered 
titanium  in  various  proportions.  Iron 
alone  gives  a  much  less  luminous  arc 

*  J.  LadofP,  Electrical  World,  -io,  p.  757-759> 
1905. 
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than  magnetite.  Nevertheless  it  is 
only  by  the  addition  of  a  considerably 
higher  percentage  of  iron  than  of 
magnetite  that  the  luminous  efficiency 
of  titanium  oxide  is  markedly 
diminished. 

Titanium  oxide  electrodes  containing 
an  addition  of  10  per  cent,  of  iron 
will  strike  an  arc  in  the  cold  state  on 
110  volts,  while  electrodes  to  which 
the  same  percentage  of  magnetite 
had  hden  added  would  not  do  so.  For 
additions  of  iron  up  to  60  per  cent,  the 
arc  has  the  characteristic  appearance  of 
the  titanium  oxide  ;  higher  additions 
render  it  blue  and  feebly  luminous. 
All  metals  are  not  equally  serviceable 
as  a  means  of  increasing  electrical  con- 
ductivity without  at  the  same  time 
unduly  diminishing  the  light.  If,  for 
example  10  per  cent,  by  weight  of 
metallic  copper  powder  is  added  to 
titanium  oxide  the  candle  power  of  the 
arc  (4  amperes  80  volts)  is  about 
1152  H.K.  ;  but  an  arc  cannot  be 
struck  on  a  110-volt  supply,  and  the 
cup  in  the  cold  state  has  not  the  same 
good  electrical  conductivity  as  would  be 
secured  by  the  addition  of  the  same 
percentage  of  iron.  By  increasing  the 
added  percentage  of  copper  50  per  cent, 
the  cup  at  the  tip  of  the  electrodes  could 
certainly  be  rendered  conducting  on  a 
110-volt  supply,  even  in  the  cold  state, 
but  the  intensity  of  the  light  under 
these  conditions  fell  to  only  166  H.K.  ; 
moreover  with  so  high  a  percentage  of 
copper  as  this  frequent  changes  in  the 
appearance  of  the  arc  take  place. 
Sometimes  the  titanium  oxide  flame 
appears,  though  somewhat  reduced  in 
luminosity  ;  at  other  times  the  flame  is 
coloured  by  the  greenish  tinge  of  copper. 
By  the  addition  of  50  per  cent,  of 
aluminium  powder  the  intensity  was 
reduced  to  about  150  H.K.  ;  the  arc 
also  refused  to  strike  even  on  220  volts 
and  with  a  moderately  warmed  copper 
anode.  The  addition  of  50  per  cent, 
of  magnesium  powder  also  failed  to 
induce  the  arc  to  strike.  An  addition 
of  10  per  cent,  of  zinc  powder  to  90 
per  cent,  of  titanium  oxide  gave  a 
similar  result.  An  addition  of  50  per 
cent,  of  zinc  enabled  the  arc  to  be 
struck,  but  reduced  the  intensity  of 
light  to  only  640  H.K. 


Similar  results  were  obtained  from  a 
mixture  of  titanium  oxide  and  powdered 
metallic  tungsten.  With  an  addition 
of  10  per  cent,  the  arc  could  not  strike 
on  cold  electrodes  and  the  light  was 
1,290  H.K.  ;  a  50  per  cent,  addition 
had  the  desired  effect,  but  the  candle 
power  was  now  only  420  H.K. 

It  seems,  therefore,  that  when  a 
cathode  composed  of  a  mixture  of 
iron  and  titanium  oxide  is  used,  a 
stable  alloy  of  titanium-iron  which 
possesses  a  satisfactory  conductivity,  is 
formed  on  cooling.  The  strong  ten- 
dency of  iron  and  titanium  to  combine 
in  this  way  is  well  known  ;  molten 
zinc  also  dissolves  titanium.*  In 
general  it  can,  however,  be  said  that  a 
material  which  serves  to  increase  the 
conductivity  of  the  cup  on  which  the 
arc  strikes,  has  also  an  effect  of  diminish- 
ing the  light  produced. 

V. 

On  surveying  the  examples  of  metal- 
lic oxide  electrodes  which  have  as  yet 
found  application  in  practice  we  find 
the  following  results. 

The  General  Electric  Company  in 
New  York  have  put  on  the  market 
both  a  magnetite  lamp  and  a  titanium 
carbide  lamp.  In  the  latter  lamp 
the  good  light  producing  qualities  of 
titanium  are  secured.  Titanium  carbon 
conducts  an  electric  current,  but  after 
burning  sometime  in  air,  it  becomes 
covered  with  a  non-conducting  layer 
of  titanium  oxide,  the  carbon  con- 
stituent disappearing  as  carbon  dioxide 
according  to  the  relation  : — 

TiC  +  20.>  =  TiO,  +  CO., 
The  magnetite  lamp  is  only  adapted 
to  continuous  current  ;    the  titanium 
carbide  lamp  is  also  serviceable  on  an 
alternating  supply. 

Researches  on  a  magnetite  110-volt 
lamp  (continuous)  yielded  the  following 
results  : — 

(1)  Current  ;   4-2  amperes. 

(2.)  P.D.  cross  arc  ;  69  volts. 

(3)  Supply  P.D.  ;    110  volts. 

(4)  Power  consumption  of  lamp  (arc 
only)  ;  290  watts.    [(1)  X  (2).] 

(5)  Total  consumption  of  lamp  on 
110    volts;     462    watts.    [(1)  X  (3).] 

*  W.  Huppertz,  Versuche  iiber  die  Heretellung 
von  Titan  und  Titanlegierungen  aus  liutil  und 
Titanaten  im  elektrischeu  Ofen,  Aachen,  11)04. 
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(6)  I.  ^  with  clear  glass  globe  ; 
435  H.K. 

(7)  Watts  per  H.K.  ^  referring  to 
arc  alone  ;  0-666.    [(4)  (6).] 

(8)  Total  watts  per  H.K.  ^ ;  1-06 
[(5)  4-  (6).] 

(9)  Burning  hours  with  cylindrical 
magnetite  cathode  7*5  mm.  in  diameter 
and  146  mm.  in  length  ;  150  hours. 

Very  striking  is  the  great  difference 
in  the  specific  consumption  (7)  and 
(8),  according  as  the  figures  are  calcu- 
lated for  the  arc  alone  or  in  terms  of  a 
supply  P.D.  When  a  number  of 
lamps  are  run  in  series,  as  is  often  the 
case  in  America,  we  are  mainly  con- 
cerned with  the  efficiency  of  an  arc 
itself,  and  may  adopt  the  figure  of  0  663 
watts  per  H.K.  In  the  case  of 
parallel  circuits  such  as  are  in  common 
use  in  Europe,  of  100-130  volts  or 
200-250  volts,  the  magnetite  arc  is  at 
a  disadvantage.  Its  chief  advantage 
over  other  lamps  lies  in  the  long  time 
it  can  burn  without  attention,  namely 
150  hours.  But  to-day  the  magnetite 
lamp  finds  it  difficult  to  compete  with 
the  high  candle-power  tungsten  lamp 
under  the  above  conditions.  A  tungsten 
lamp  yielding  400  H.K.  ^  (horizontal) 
and  1*2  watts  per  H.K.  when  equipped 
with  a  suitably  designed  mat  white 
reflector  to  throw  the  light  down- 
wards, and  a  clear  glass  outer  globe, 
will  yield  448  H.K.  ^,  that  is  1*07  watts 
per  H.K.  ^  as  compared  with  1-06 
watts  per  H.K.  ^  on  the  part  of  the 
magnetite  arc  lamp.  In  addition  the 
tungsten  lamp  will  burn  for  over 
1,000  hours  while  the  magnetite  arc 
lamp  can  only  burn  150  hours  without 
requiring  attention.  Again  the  tungsten 
lamp  gives  a  perfectly  steady  light 
while  that  of  the  magnetite  lamp  is 
far  from  being  so.  After  burning  1,000 
hours,  the  Hght  from  the  tungsten  lamp 
falls  about  5  per  cent,  while  the 
magnetite  lamp,  at  the  end  of  150  hours, 
in  spite  of  provision  for  ventilation  and 
the  removal  of  fumes,  becomes  covered 
with  a  thick  brown  deposit  of  Fe.2  O3, 
which  would  give  rise  to  a  loss  of  light  to 


20-30  per  cent.  The  volume  of  the  iron 
oxide  flakes  which  dropped  into  the 
glass  globe  in  the  course  of  150  hours 
was  in  one  case  found  to  amount  to 
250  c.c.  For  alternating  curie'Ats  of 
100-130  volts  magnetite  lamps  cannot 
be  used  while  the  high  candle-power 
tungsten  lamp  gives  the  same  results  as 
on  a  continuous  current. 

The  titanium  carbide  lamp  can  be 
used  for  both  continuous  and  alternating 
currents  ;  McKay*  gave,  for  the  alter- 
nating current  lamp,  the  following 
figures  : 

Current,  amps.  3  4*5 

P.D.  across  arc,  volts  105  105 
True  watts  245  370 

1. in  clear 

.   globe  (candles)       625  1,154 
Burning  hours  75  50 

Watts  per  candle        0-  392         0'  32 

The  figures  for  the  specific  con- 
sumption are  in  themselves  very  favour- 
able, but  these  lamps  also  really  only 
come  into  consideration  when  the  series 
system  customary  in  America  can  be 
employed.  If  a  single  lamp  is  to  be 
run  on  110  volts  it  cannot  receive 
more  than  about  60-70  volts  if  a 
reasonably  good  arc  is  desirable.  The 
reason  why  this  should  be  so  has  been 
given  in  the  theory  of  the  stability  of 
arcs  developed  by  Steinmetz|  and 
Blondel.  The  titanium  carbide  arc, 
as  the  diagram  of  WeedonJ  showed, 
must  be  very  short,  only  about  6-8  mm. 
long,  while  the  titanium  arc  proper 
taking  105  volts  and  3  amperes  has 
a  length  of  20  mm.  It  must  therefore 
give  a  considerably  lower  intensity,  and 
on  parallel  circuits  such  as  are  generally 
used  in  Europe,  could  not  compete  with 
other  sources  now  in  common  use  for 
illumination. 


*  McKay,  Electrical  World,  54,  p.  309,  1909. 

t  C.  P.  Steinmetz,  Trans,  of  the  International 
Electrical  Congress,  ^it.  Louis,  1904,  Vol,  11., 
p.  710,  "The  Electric  Arc." 

X  W,  S.  Weedon,  The  Electrician  (Lond.),  64, 
p.  556, 1910. 
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The  Annual  Meeting  of  the 

The  Annual  Meeting  of  the  Institution 
of  Gas  Engineers  took  place  from 
June  14th  to  June  16th,  at  house  of  the 
Institution  of  Mechanical  Engineers 
(London),  the  President,  Mr.  J.  W. 
Helps,  being  in  the  chair. 

As  usual  there  were  present  a  large 
proportion  of  members  from  the  pro- 
vinces. The  meetings  were  well  at- 
tended, and  the  proceedings  were 
followed  with  close  attention  in  spite 
of  the  sultry  weather.  In  his  opening 
remarks  the  president  briefly  alluded 
to  the  loss  suffered  by  the  nation  by 
the  death  of  King  Edward,  and  a 
formal  resolution  was  passed  to  this 
effect.  Subsequently  the  gold  medal 
of  the  Institution  was  presented  to 
Mr.  J.  Ferguson  Bell  for  his  paper  on 
'  Carbonizing,'  while  silver  and  bronze 
medals  were  presented  to  Dr.  R.  Lessing 
and  Mr.  R.  Watson  respectively  for  their 
papers  on  '  Carbonization  in  Chamber 
Settings,'  and  '  Some  Advantages  and 
Disadvantages  of  a  Hot  Coke  Con- 
veyor.' 

Among  the  visitors  on  this  occasion 
were  Mr.  P.  C.  Holmes  Hunt,  President 
of  the  Victorian  Gas  Association  and 
Mr.  Charles  Nettletonand  Mr.  Hermann 
Burgi  from-  the  United  States. 
Presidential  Address. 

In  his  introductory  remarks  the 
President  pointed  out  how  the  condi- 
tions under  which  the  gas  industry 
worked  to-day  were  constantly  changing. 
There  was  now  a  tendency  to  bestow 
much  more  attention  on  how  best  to 
dispose  of  the  gas  produced,  whereas, 
in  the  past,  engineers  had  been  mainly 
concerned  with  the  difficulties  of  gene- 
ration. This  was  especially  true  as 
regards  lighting,  which  was  assuming 
a  prominent  position  in  the  minds  of 
engineers  of  to-day.  Companies  were 
now  feeling  mor(!  and  mor(^  the  necessity 
of  cultivating  the  good  will  of  the  con- 
sumer and  taking  a  din^ct  interest  in  the 
way  he  used  tlie  gas  at  his  disposal. 
He  thought  that  in  the  future  it  would 
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come  to  be  recognized  that  the  main- 
tenance of  incandescent  burners  and 
mantles  was  one  of  the  duties  of  the 
gas  company,  who  were  bound  to  see 
that  their  consumer  received  satis- 
faction in  this  respect.  This,  of  course, 
involved  extra  labour  and  expense, 
but  it  might  often  be  found  a  better 
plan,  in  the  long  run,  to  spend  money 
in  this  way  in  preference  to  taking  a 
penny  off  the  cost  of  gas.  In  this  con- 
nexion the  President  pointed  out  the 
importance  of  the  Distribution  Depart- 
ment of  a  gas  company.  At  present 
gas  fitters  were  very  often  not  suffi- 
ciently qualified,  and  it  was  satisfactory 
to  see  that  the  Gas  Light  and  Coke 
Company  and  others  were  arranging 
courses  of  instruction  for  their  benefit. 

Another  matter  which  naturally 
received  notice  in  the  presidential 
address  was  the  vexed  question  of 
the  relative  values  of  tests  of  calorific 
and  illuminating  power.  The  President 
himself  (though  he  admitted  that  the 
question  was  rather  a  delicate  one  at  the 
present  moment),  looked  forward  to 
a  time  when  Parliament  would  eventu- 
ally decide  to  abolish  an  illuminating 
power  standard  altogether,  and  sub- 
stitute a  calorific  one.  On  the  other 
hand  the  retention  of  both  tests  would 
be  a  serious  inconvenience  to  the 
industry. 

Mr.  Helps  then  went  on  to  deal 
with  a  number  of  technical  matters  in 
connexion  with  gas  generation,  and 
described  in  some  detail  the  plant 
at  Croydon.  Reverting  to  general 
matters  he  urged  upon  those  present 
the  need  for  combination  and  con- 
certed action  on  the  part  of  repre- 
sentatives of  different  sections  of  the 
gas  industry.  Efforts  were  specially 
needed  in  connexion  with  publication 
work.  It  must  also  be  recognized 
that  the  Institution  of  Gas  Engineers, 
as  at  })resent  constituted,  was  open 
only  to  a  certain  section  of  those 
interested  in  the  welfare  of  the  gas 
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industry  ;  seeing  that  its  discussions 
often  dealt  with  matters  of  a  more 
or  less  commercial  and  financial  cha- 
racter it  had  been  urged  that  those 
best  able  to  speak  from  this  standpoint 
should  also  be  admitted  to  membership. 
There  were,  of  course,  a  number  of 
commercial  sections  and  affiliated  asso- 
ciations in  existence,  but  he  thought 
it  would  be  more  beneficial  to  enlarge 
the  constitution  of  the  Institution, 
and  to  give  the  body  a  more  general 
name,  such  as  "  The  Gas  Institute." 

A  vote  of  thanks  to  the  President 
was  moved  by  Mr.  Corbet  Woodall, 
and  seconded  by  Mr.  J.  West,  and  a 
resolution  was  also  passed  approving 
the  proposal  that  the  Council  should 
appoint  a  committee  to  consider  the 
suggestions  contained  in  the  address 
and  to  report  thereon. 

Public  Lighting  from  the  Municipal 
Standpoint. 

The  next  item  in  the  proceedings 
was  the  paper  on  '  Public  Lighting 
from  a  Municipal  Point  of  View,'  by 
Mr.  J.  Abady,  which  is  abstracted  on 
p.  434  in  this  number.  The  institution 
may  be  congratulated  on  having  re- 
ceived a  paper  at  this  year's  meeting 
dealing  mainly  with  gas  lighting  and 
illumination  rather  than  with  technical 
problems  connected  with  manufacture. 
It  must,  however,  be  admitted  ■  that 
much  of  the  discussion  on  the  paper 
strayed  into  the  familiar  paths  of 
denunciation  of  municipal  trading,  and, 
in  particular,  municipalities  undertaking 
electrical  supply.  Comparatively  few 
of  the  speakers  dealt  in  any  detail  with 
the  photometrical  and  technical  ques- 
tions raised  in  the  paper. 

An  interesting  comment  on  the 
title  of  the  paper  came  from  Mr.  C. 
Botley,  who  pointed  out  that  it  was 
open  to  two  interpretations,  namely, 
as  representing  the  views  of  Mr.  J. 
Abady  or  as  the  general  view  of 
municipal  authorities. 

Mr.  F.  W.  Goodenough  advocated 
the  use  of  small  lamps  at  frequent 
intervals.  He  added  that  Hght  was 
chiefly  needed  in  a  plane  3  to  4 
feet  above  the  ground,  while  the  space 
within  a  height  of  8  feet  above  the 


ground  practically  represented  the  area 
over  which  light  was  really  needed  for 
practical  purposes.  It  was  also  to  be 
noted  that  even  Mr.  Goodenough, 
though  representing  the  Gas,  Light, 
and  Coke  Co.,  was  not  averse  from 
admitting  that  until  a  given  contract, 
made  on  the  lines  suggested  by  Mr. 
Abady,  had  expired,  the  party  which 
benefitted  directly  by  any  improvement 
in  efficiency  would  be  the  gas  company, 
or  the  contractor,  and  not  the  munici- 
pality. 

Mr.  C.  E.  Jones  pointed  out  the 
advance  since  the  days  when  a  gas 
company  cared  little  about  the  light 
produced,  and  preferred  the  kind  of 
burner  which  consumed  most  gas. 
Since  that  time  the  subject  of  street 
lighting  had  been  raised  to  a  higher 
level.  Mr.  Jones  proceeded  to  refer  to 
Mr.  Abady  as  a  stalwart  to  whom  the 
gas  industry  were  highly  indebted,  and 
who  had  done  extremely  well  for  gas 
and  Westminster.  He  added  that  he 
believed  in  time  gas  would  be  eventually 
distributed  at  a  much  higher  pressure 
than  at  present.  Mr.  H.  E.  Copp  also 
testified  to  the  value  of  small  units 
at  frequent  intervals,  with  a  view  to 
reducing  glare.  Nevertheless,  the  pro- 
vision of  very  powerful  lights  was 
sometimes  necessary  as  a  sop  to  the 
general  public,  which  seemed  still  to 
prefer  glare  to  illumination.  Mr.  T. 
Canning  appeared  to  think  that  the 
principles  of  photometry,  as  laid  down 
by  Mr.  Abady,  applied  to  gas  lamps, 
but  not  to  electric  sources,  and  that 
although  both  lamps  might  have  the 
same  intensity  at  the  source,  the 
electric  arc  and  incandescent  filament 
"  did  not  seem  to  be  diffusive." 

Mr.  Abady  in  his  reply  suggested 
that  this  impression  might  be  due 
to  the  effect  of  fog.  He  did  not  agree 
with  Mr.  Copp  that  one  ought  to  give 
way  to  the  popular  desire  for  glare. 
He  was  glad  that  he  and  Mr.  Good- 
enough  agreed  as  to  the  value  of  small 
units  at  frequent  intervals.  With 
regard  to  the  question  of  where 
light  was  most  wanted,  he  had  not 
taken  the  light  at  the  ground.  He  had 
"  taken  the  light  at  the  source  and 
divided  by  the  square  of  its  distance 
from  the  ground  !  "  in  testing  :  this 
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was  a  quantity  apart  from  the  actual 
illumination. 

Other  Papers,  &c. 

Subsequently  special  reports  of  the 
Committee  on  the  Gas  Heating  Re- 
searches and  Carbonization  Committee 
were  presented.    Several  other  papers 


were  also  dealt  with  on  this  occasion, 
including  that  of  Mr.  J.  B.  Klumpp 
on  '  Gas  Calorimetry  in  the  United 
States  '  (communicated),  Mr.  E.  J. 
Ward  on  '  The  Management  of  Small 
Gas  Undertakings,'  and  Mr.  S.  Y. 
Shoubridge  on  '  The  De  Brower  Stoking 
Machinery  and  Coke  Handling  Plant.' 


Memorial  of  Sir 

We  would  not  willingly  let  the  fore- 
going account  of  the  Proceedings  at  the 
Annual  Meeting  of  the  Institution  of 
Gas  Engineers  pass  without  a  reference 
to  the  great  leader  who  passed  away 
last  year — Sir  George  Livesey. 

It  will  be  recalled  that  a  scheme  was 
put  on  foot  to  found  a  Livesey  Memorial 
Fund,  to  be  devoted  to  founding  a 
Chair  at  Leeds  University.  A  meeting 
of  the  subscribers  to  the  fund  was 
recently  held,  under  the  Presidency  of 
Mr.  J.  W.  Helps,  who  reported  that 
£10,700  had  been  contributed  to  the 
fund.  The  chair  is  to  be  known  as 
"  The  Livesey  Professorship  of  Coal 
Gas  and  Fuel  Industries,"  and  Dr. 
W.  A.  Bone,  whose  work  on  combustion 


George  Livesey. 

is  well  known,  will  be  the  first  "Livesey 
Professor." 

The  illustration  on  the  opposite  page, 
for  which  we  are  indebted  to  the 
courtesy  of  the  editor  of  The  Co- 
partner ship  Journal,  represents  a  view 
of  Mr.  F.  W.  Pomeroy's  statue  now 
on  view  at  Burlington  House.  An 
illustration  of  this  size,  excellent  as 
it  is,  no  doubt  cannot  be  expected  to 
do  more  than  give  a  general  idea  of  the 
appearance  of  the  statue.  But  we 
think  that  those  who  knew  Sir  George 
Livesey  will  agree  that  the  sculptor 
has  been  singularly  happy  in  preserving 
the  steadfast  determination,  the  up- 
rightness and  nobihty  of  character, 
observable  in  all  he  said  and  did. 


Iron    and    Steel  Institute. 

Buxton  Meeting,  Sept.  26-30,  1910. 

We  note  that,  as  previously  announced,  versaziones,  and  concerts.  Visits  will 
the  Autumn  meeting  of  this  Institution  also  be  paid  to  the  works  of  the  Midland 
will  be  held  at  Buxton  on  the  above  dates.  Railway  Co.  at  Derby,  the  Royal  Crown 
An  influential  Reception  Committee  has  Porcelain  Works,  and  the  Crewe  works 
been  formed,  the  Duke  of  Devonshire  of  the  London  and  North-Western  Rail- 
being  the  Chairman,  and  Sir  A.  S.  Haslam  way  Co.,  &c.,  and  opportunities  will  be 
the  Vice -Chairman.  The  programme  is  an  presented  for  the  reading  and  discussion 
attractive  one,  including  rece2:)tions,  con-  of  a  number  of  papers. 
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The  Suimner  Meeting  of  the  above 
Institution  is  to  take  place  in  Dublin  and 
Belfast  from  July  16th  to  23rd.  The 
programme  will  oj)en  with  a  recei)tion  at 
Trinity  College.  Subsequently  a  number 
of  interesting  visits  will  be  paid  to  the 
Dublin  United  Tramways  Co.,  Messrs. 
(hiinness's  Brewery,  The  Draina<,^e  and 
Outfall  Arrangements  in  Dubhn  J5ay, 
&c.,  and  the  visitors  will  bo  entertained 
by  the  Institution  of  Civil  Engineers  and 


Summer  Meeting. 

and  Scientific  Associa- 


the  Engineering 
tion  of  Ireland. 

The  ])arty  will  then  proceed  to  Belfast, 
where  they  will  be  received  and  enter- 
tained by  tlie  Lord  Mayor,  and  will  visit 
the  Belfast  Ropeworks,  the  Ship  Building 
and  Engineering  Works  of  Messrs.  Har- 
land  &  Wolff,  and  otlver  places  of  interest. 
Th(>  Sunuuf^r  Dinner  of  the  Institution 
will  also  take ])laco  on  tlus  occasion,  when  it 
is  h()i)ed  tlvat  the  President,  Engineer  Vice- 
Admiral  Oram,  C.B.,  will  be  in  the  chair. 
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Public  Lighting  from  a  Municipal  Point  of  View. 

By  Jacques  Abady,  M.I.Mech.E.,  of  London. 

(Abstract  of  Paper  read  before  the  Institution  of  Gas  Engineers,  Tuesday,  June  14th,  1910.) 


The  subject  of  street  lighting  presents 
special  difficulties  on  account  of  the  many 
diverging  interests  involved.  Thus  the 
municipality  has  to  consider  the  question 
of  cost  while  those  supplying  the  ilkminat- 
ing  apparatus  regard  public  lighting  as  an 
advertisement  and  therefore  desire  to  have 
the  latest  methods  installed.  It  wiU, 
therefore,  be  more  profitable  to  examine 
the  following  different  forms  of  street 
lighting  contracts  which  are  in  vogue, 
and  to  which  members  have  all  at  some 
time  or  another  had  their  attention  very 
forcibly  directed : — 

A.  The  contract  for  supply  of  energy 
with  maintenance,  payment  being  made 
for  so  much  energy  and  not  for  so  much 
light. 

B.  The  contract  for  supply  of  energy 
only,  maintenance  being  undertaken  by 
a  contractor  acting  for  the  Municipality 
or  the  Municipal  Public  Lighting  Depart- 
ment itself. 

C.  The  contract  for  supply  of  light,  pay- 
ment being  made  for  so  much  light  irre- 
spective of  the  energy  required  to  produce 
it. 

What  are  the  relative  merits  of  these 
forms  of  contracts  and  how  do  they 
assure  the  following  desiderata  : — 

(1)  The  due  observance  of  the  terms 
of  the  contract  entered  into. 

(2)  The  efficient  maintenance  of  the 
standard  of  lighting  contemplated  by  both 
parties  when  the  contract  was  entered 
into. 

(3)  The  facility  or  encouragement  for 
either  party  to  take  advantage,  during  the 
contract  period,  of  the  introduction  of 
improved  methods,  to  either  reduce  the 
cost  of  producing  the  light,  or  obtain 
a  greater  light  for  the  same  cost. 

Let  us  now  proceed  to  examine  the 
alternative  foims  of  contract  stated  i  rder 
A,  B,  and  C. 


Contract  A. — For  the  supply  of  and  pay- 
ment by  energy — maintenance  being 
undertaken  by  the  contractor  for  energy. 

The  due  observance  of  the  terms  of  this 
contract  naturally  hinges  upon  the  facility 
for  measuring  the  energy  supplied.  This 
involves  a  number  of  difficulties.  For 
example,  a  test  of  a  single  lamp  is  no 
criterion  that  the  whole  system  is  satis- 
factory nor  that  the  ideal  pressure  is 
generally  maintained.  On  the  other  hand 
the  introduction  of  governors  is  apt  to 
hamper  one's  efforts  towards  securing  the 
most  perfect  efficiency  of  burning.  The 
farther  method  of  fixing  the  basis  of 
payment  is  either  by  an  average-meter 
system  or  by  tests  of  consumption  in  situ  ; 
and  as  to  these  I  think  the  former  is 
unsatisfactory  because  it  naturally  induces 
a  tendency  to  excessive  consumption  of 
gas,  and  does  not  ensure  a  community  of 
interest,  while  the  latter,  the  in  situ 
method,  is  one  which  presents  very  con- 
siderable difficulty  in  carrying  it  out. 

The  second  point  is  the  efficient  main- 
tenance of  the  standard  of  lighting  under 
the  contract.    In  the  case  of  a  gas -lighting 
contract,  the  gas  company,  be  it  remem- 
bered, is  maintaining ;  and  it  therefore 
rests  with  the  company  to  see  that  glasses 
and  lanterns  are  kept  clean,  that  burners 
are  free  from  dust,  and  that  mantles 
are  replaced  when  required.    So  that, 
assuming  bona  fides  and  willingness  on 
the  part  of  the  gas  company,  there  is 
nothing  in  this  form  of  contract  to 
prevent  the  standard  of  lighting  being 
maintained.    But  looked  at  from  the 
municipal  side  of  the  table,  there  would 
be  a  considerable  difficulty,  in  the  case 
of  a  careless  or  unwilling  gas  manage- 
ment, in  ensuring  that  the  condition 
of  the  pubHc  lights  shall  always  be 
satisfactory. 

The  third  point  is  an  exceedingly 
important  one,  and  I  think  this  form 
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of  contract  is  particularly  weak  in 
this  respect. 

Now  if  a  gas  company  approached  the 
municipality  with  a  proposal  to  be 
allowed  to  substitute  an  improved 
burner  and  pay  for  the  capital  cost  by 
the  saving  in  gas  to  be  effected,  what 
is  the  probable  reply  of  the  munici- 
pality ?  Surely  it  would  be  in  nine 
case  out  of  ten  that  if  a  smaller 
amount  of  gas  is  to  be  consumed,  a 
porportionate  reduction  must  be  made 
in  the  lighting  bill.  In  other  words, 
the  municipality  would  no  doubt  over- 
look the  fact  that  improvements  in 
li^ht  will  probably  be  effected  in  the 
future  by  a  decreased  consumption  and 
an  increased  pressure.  Where,  there- 
fore, is  the  incentive  to  a  gas  company 
to  reduce  its  revenue  from  consumption, 
and  bear  the  additional  capital  cost 
for  new  burners  ? 

If  it  is  an  electricity  contract,  and  we 
substitute  "  carbon  filament  lamps  " 
for  "  4  feet  per  hour  "  and  "  metallic 
filament  lamps  "  for  "  3  feet  per  hour," 
is  there  not  a  similar  situation  created, 
and  would  not  the  same  causes  operate 
to  prevent  improvement,  through  re- 
placing carbon  lamps  by  metal  lamps 
or  carbon  arcs  by  flame  arcs  ? 

Contract  B. — For  the  supply  of  and 
payment  hy  energy,  maintenance 
being  undertaken  by  a  separate 
contractor  acting  for  the  municipality, 
or  by  the  municipal  public  lighting 
depa?tment  itself. 

According  to  this  contract  the  munici- 
pality (whether  it  maintains  by  itself 
or  through  a  separate  contractor)  has 
greater  control  over  the  efficiency,  but  th  e 
interests  of  the  contractor  for  the  energy 
are  very  much  at  its  mercy.  Thus  if 
the  maintenance  contractor  neglects  the 
maintenance,  the  energy  contractor 
suffers  ;  while  if  the  municipal  hghting 
department  (taking  as  it  often  does  the 
energy  from  another  municipal  depart- 
ment which  is  in  competition  with  a 
competitive  form  of  lighting)  is 
interested  in  doing  what  it  can  for  its 
sister  department,  it  is  plain  that  the 
competitive  form  of  hghting  suffers, 
and  real  competition  is  at  an  end. 

Provided  the  contract  does  not 
limit  the  pressure  of  the  gas  supply. 


the  municipality  can  obviously,  if  it 
chooses  to  pay  for  them,  instal  im- 
proved burners  and  give  its  public  a 
better  light,  without  affecting  the 
contractor's  position  in  the  least. 
What  it  cannot  do,  however,  is  to  give 
the  same  light  by  the  introduction  of 
improved  burners,  and  reduce  the 
cost  of  gas  or  electricity,  and  so  reduce 
the  cost  to  the  publico! its  lighting  bill. 
Of  course,  if  there  were  simply  an 
agreement  to  pay  for  what  total  energy 
is  consumed  without  specifying  so 
much  energy  per  lamp,  then  such 
reduction  could  be  made,  and  the 
municipality  has  an  absolutely  free 
hand.  But  then  the  difficulties  of 
measuring  the  total  energy  are  very 
great,  and  X  know  of  no  instance 
in  which  the  payment  for  total  energy 
is  made  in  this  way. 

It  also  seems  to  me  that  a  direction  in 
which  future  improvements  in  the 
efficiency  of  gas  lighting  are  to  be  found 
will  be  in  a  reduction  of  the  quality  of 
the  gas,  and  an  increase  in  the  pressure 
at  which  it  is  supplied,  so  that  by 
reducing  on  the  one  hand  the  amount  of 
air  theoretically  required  for  perfect 
combustion,  and  increasing  on  the 
other  hand  the  mechanical  means  by 
which  the  theroetical  amount  of  air  is 
obtained  in  practice,  we  shall  be 
enabled  to  burn  the  right  quality  of  gas 
under  conditions  of  absolute  maximum 
efficiency.  It  will  be  seen  that  con- 
tracts A  and  B  specifying  as  they  do 
either  (or  both)  consumption,  pressure, 
and  quality,  prevent  improvements  in 
the  direction  suggested. 

Contract  C. — For  supply  of  light,  pay- 
ment being  made  for  so  much  light 
irrespective  of  the  energy  required 
to  produce  it. 

The  question  as  to  control  over  the 
proper  fulfilment  of  this  class  of  con- 
tract is  one  about  which  there  is 
undoubtedly  considerable  difference  of 
opinion,  and  plenty  of  room  for  dis- 
cussion ;  and,  in  order  that  there  may 
be  something  concrete  to  discuss,  in  an 
appendix  are  set  out  the  salient  clauses 
of  the  contract  for  lighting  entered  into 
by  the  Westminster  City  Council.  The 
testing  clause  is  one  to  which  attention 
is  particularly  directed,  because  this 
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is  the  centre  of  gravity,  as  it  were,  of  a 
contract  which  is  for  the  supply  of  so 
much  Hght.  I  am  not  personally 
responsible  for  the  drafting  of  the  clause, 
and  frankly  admit  that  there  are  many 
afternative  methods  of  framing  a 
clause  to  a  similar  effect.  I  append 
one  hereto  as  follows  : — 

Each  lamp  is  to  be  fitted  with  burners, 
mantles,  globes,  and  fittings,  as  the  ease 

may  be,  giving  a  minimum  of   

standard  candle-power,  respectively,  as 
directly  measvired  by  the  council's  portable 
photometric  apparatus  placed  at  an 
agreed  distance  above  ground  level,  and 

is  to  burn    hours  per  annimi  in 

accordance  with  a  daily  schedule  to  be 
hereafter  su23plied  by  the  Council.  The 
fittings  and  lamp  must  be  in  every 
respect  to  the  satisfaction  of  the  city 
engineer  ;  and  in  particular  the  reflectors 
above  are  not  to  be  shaped  so  as  to 
concentrate  the  illumination  at  the  foot 
of  the  lamps,  but  horizontally  flat  or 
slightly  convex  or  otherwise  as  may 
be  approved  by  the  city  engineer,  so  as  to 
disperse  the  rays.  The  tests  will  be  taken 
in  such  a  manner  as  to  ensure  that  the 
glazing  bars  shall  not  interfere  with  the 
results  obtained. 

The  candle-power  shall  be  arrived  at 
by  taking  the  average  of  two  sets  of 
readings  in  any  position  with  regard  to 
the  light  under  test — one  set  at  an  angle  of 
20°,  and  a  second  set  at  an  angle  of  50° 
to  the  horizontal.  The  photometer  used 
shall  be  one  working  on  the  law  of  inverse 
squares,  and  so  constructed  as  to  read 
accurately  whatever  the  respective  colours 
of  the  light  under  test  and  standard  light. 

Not  less  than  three  and  not  more  than 
six  readings,  at  regular  intervals  of  not 
less  than  30  or  more  than  60  seconds, 
shall  be  made  at  each  angle  ;  and  the 
average  of  the  readings  shall  be  termed 
the  reading  or  illiuninating  power  at  that 
angle.  If,  upon  a  test  being  made,  the 
illuminating  power  of  any  lamp  falls 
below  the  prescribed  standard  and  is 
not  more  than  10  per  cent  below  it, 
a  test  may  be  made  of  each  of  the  two 
nearest  lights  ;  and  if  the  aggregate 
of  the  light  from  the  three  lamps  equals 
the  aggregate  required  by  the  contract,  no 
damages  shall  be  recoverable.  The  tests 
only  to  be  made  in  reasonably  clear  weather 
— not  during  rain,  mist,  or  fog — and  in 
the  j)rosence  of  a  representative  of  the 
contractor  should  lie  so  desire. 

Tiio  intention  of  this  contract  is  tJiat 
tlie  contractor  sliall  assure  liimscilf,  by 
continued  tost  and  inspection,  that  the 
lamps  he  provides  are,  during  lighting 
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hoiu-s,  fulfilling  in  all  respects  the  require- 
ments of  this  contract ;  and  he  shall  not 
claim  relief  from  the  conditions  of  this 
contract  on  the  grounds  of  non-notification 
on  the  part  of  the  Council  of  any  failure 
to  comply  with  the  terms  of  this  specifica- 
tion. 

The  light  given  shall  be  of  a  steady, 
invariable  character,  of  a  white  or 
yellowish-white  colour. 

It  must  be  recognized  that  to  select 
any  particular  angles  favouring  one 
form  of  light  would  be  most  unfair. 
It  will  also  be  recognized  that  to  take 
the  mean  hemispherical  candle-power 
is  not  practicable,  as  the  comparison 
involves  readings  at  each  angle  from 
90°  to  0°,  which  is  impossible  with  a 
test  in  situ,  besides  being  a  tedious 
matter. 

It  will  further  be  recognized  by  those 
who  have  studied  street -lighting  pro- 
blems that  to  include  in  such  a  photo- 
metrical  test  either  of  the  angles  of 
80°,  70°,  or  60°  would  be  highly  un- 
desirable, because  it  is  at  these  angles 
{i.e.,  in  the  vicinity  of  the  lamp-post) 
that  one  usually  gets  an  excess  of  light 
to  the  detriment  of  the  rays  thrown 
upon  the  area  more  distant  from  the 
lamp,  and  their  inclusion  would  en- 
courage, instead  of  discourage,  the 
distribution  of  a  large  volume  of  light 
near  the  post.  Now  it  so  happens  that 
if  the  lighting  curves  of  all  types  of 
lamp  are  examined — electric  and  gas, 
arcs,  filament,  upright  and  inverted 
mantles  (high  and  low  pressure) — it 
will  be  found  that  in  the  majority  of 
cases  the  mean  of  the  light  given  at  20° 
and  50°  practically  coincides  with 
the  mean  hemispherical  intensity,  and 
therefore  represents  the  value  as  candle- 
power,  (a  number  of  polar  curves  of 
different  illuminants  giving  the  results 
over  this  angular  range  are  shown  in 
Figs.  1  and  2).  Of  course,  it  might  be 
possible  for  an  enterprising  individual 
to  make  a  lamp  giving  180  candles  at 
50°  and  none  elsewhere  ;  and  this 
would  be  a  90-candle  lamp.  But  a 
lamp  such  as  this  would  not  comply 
witli  the  general  specification  of  the 
Westminster  testing  clause. 

I  emphasize  the  fact,  before  leaving 
this  point,  that  there  is  no  question 
of  the  light  being  defined  by  a  foot- 
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candle  test  :  for  one  must  admit  that, 
had  this  been  done,  there  would  have 
been  introduced  all  kinds  of  difficulties 
and  problems  (as  to  the  behaviour  of 
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Fig.  1. 

A— Three  Metallic  Filaments  in  Lantern  :  387  Candle?. 
B— Three  Inverted  Burners  in  Lantern :  368  Candles. 
C— Two  Metallic  Filaments  in  Lantern:  201  Candles. 


hght  rays  with  respect  to  surfaces 
a,nd  view  point),  about  which  photo- 
metrists  themselves  are  not  agreed. 
The  test  specified  involves  simply  the 
light  of  the  lamp  itself  and  the  photo- 
meter. 

The    remaining    question    then    is  | 
whether  it  is  possible  to  test  in  such  a 
manner  as  to  remove  all  grounds  for  ^ 
ambiguity  and  dispute.    As  a  photo - 
metrist,  I  naturally  see  no  difficulty  soo 
at  all  in  the  matter.    But  it  is  possible 
that  those  who  are  not  photometrists  700 
will  look  upon  a  photometer  as  a  very 
indefinite  and  indifferent  foot-rule  in-  900 
deed  ;  and,  of  course,  it  must  be  ad- 
mitted that  it  is  necessary  to  define  noo 
the  kind  of  instrument  and  the  way  it 
shall  be  used,  in  the  clearest  possible  1300 
manner.    It  appears  to  be  quite  satis- 
factory to  take  an  instrument  based 
upon  the  law  of  inverse  squares,  and 
in  which  such   means   of  obviating 


secondary  standard.  This  being  the 
case,  and  it  seems  that  these  are  all 
points  which  are  demonstrable,  what 
safeguards  against  error  or  chances  of 
dispute  should  there  be  provided  ? 

I  think  these  are  three — viz.,  (1)  A 
definition  of  the  weather  in  which 
official  tests  are  permissible  ;  (2) 
absence  of  infliction  of  damages  if  the 
two  lamps  nearest  to  a  defective  lamp 
are  giving  such  light  as  will  bring  the 
average  of  the  three  up  to  standard  ; 
and  (3)  the  presence  of  a  contractor's 
representative  should  be  permitted 
during  any  test. 

It  must  be  admitted  as  a  weak  point 
in  this  form  of  contract  that,  because 
one  or  a  dozen  or  twenty  lamps  are 
tested  and  found  to  be  giving  the 
specified  light,  this  is  no  guarantee 
that  several  hundred  or  thousand 
lamps  will  be  doing  the  same  thing. 
On  the  other  hand,  there  is  no  limit  to 
the  number  of  lamps  which  the 
corporation  can  test  daily  if  they  wish  ; 
and  further  than  this  the  contractor 
would  never  know  where  tests  would  be 
made  on  any  night.  Upon  the  question 
of  the  practicability,  in  working,  of 
such  a  test  clause,  it  might  be  pointed 
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Fig.  2. 


reading    errors — due    to    either    colour  a— Three  High  =  Pressure  Burners  (small)  in  Lantern: 
°  960  Candles. 

B—High  =  Pressure  Upright  Burner  in  Lantern 


difficulty  or  stray  light — are  provided, 
as  may  be  agreed  upon  between  the 
parties  entering  into  the  contract. 
It  is  also  quite  simple  to  agree  upon  a 
definite  primary  standard  of  light  ; 
and  it  is  equally  simple  to  agree  upon  the 


1193  Candles. 
C— Ten  Ampere  Open  Arc :  1000  Candles. 

out  that  in  Westminster  we  have  had 
five  years'  experience  A\ith  a  gas  and 
electric  light  contract  ;  and  I  am  not 
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aware  of  a  single  dispute,  although 
defects  have  been  found,  charged,  and 
paid  for. 

It  is  unnecessary  to  labour  the  point 
that  this  contract  ensures — so  far  as 
any  contract  can — "  the  efficient  main- 
tenance of  the  standard  of  lighting 
contemplated  by  both  parties  when  the 
contract  was  entered  into." 

Does  the  contract  also  facilitate  or 
encourage  the  adoption  by  either  party 
of  improved  methods  ?  It  seems  to 
me  that  it  does,  because  if  the  con- 
tractor finds  he  can  produce  the  same 
light  at  a  cheaper  cost,  or  a  better 
light  for  the  same  cost,  he  would  surely 
approach  the  corporation  and  offer 
to  share  the  benefit  of  such  improve- 
ment ;  and  it  would  be  imagined  that 
there  are  very  few  municipalities  in 
which  the  officials  or  elected  members 
are  so  neglectful  of  the  public  interest 
as  not  to  take  advantage  of  such  an 
opportunity. 

Whatever  arrangement,  however, 
may  exist  in  a  town  between  suppliers 
of  light  and  the  local  authority  as  to  the 
contractual  basis  of  the  public  lighting, 
it  is  plain  that,  from  a  municipal  point 
of  view,  the  selection  of  suitable  units, 
the  proper  arrangement  of  them,  and 
the  general  distribution  of  light  are  also 
questions  of  the  utmost  importance. 
And  yet,  if  one  may  judge  from  speci- 
mens of  street  lighting,  it  is  evident 
that  these  questions  are  very  im- 
perfectly understood  ;  and  in  place  of 
scientific  arrangement  of  lamps  of 
candle  powers  suited  to  the  financial 
ability  of  a  town,  one  often  sees  a 
motley  and  haphazard  positioning  of 
lamps,  of  all  descriptions — exhibiting 
the  crudest  and  most  harmful  contrasts 
of  strong  glaring  light  on  one  spot  and 
next  to  none  in  another. 

It  is  unnecessary  to  dwell  upon  the 
fact  that  what  one  town  can  afford 
in  the  way  of  lighting  another  town 
cannot.  Thus  Westminster's  fighting 
bill  is  over  40,000?.  per  annum,  but  then 
Westminster  has  a  rateable  value  of 
about  6,500,000?.  ;  and  if  this  is  con- 
trasted with  the  rateable  value  of  vari- 
ous towns  in  England,  it  will  be  seen 
that  there  are  not  more  than  three  with 
over  2,000,000?.,  nor  more  than  twenty 
over    1,000,000/.    That    is,  however, 


no  reason  why  adequate  and  scientific 
light  distribution  should  not  be  urged 
upon  those  responsible  for  the  govern- 
ment of  towns,  large  and  small  ;  and 
therefore  a  subject  well  worthy  of  dis- 
cussion is  comprised  in  the  question, 
"  What  is  adequate  lighting  ?  " 

I  am  well  aware  that  in  many 
instances — too  many  instances — the 
suppliers  of  light  have  Httle  or  no  voice 
in  the  selection  of  positions  for  lamps 
or  the  general  drafting  of  lighting 
schemes  ;  and  it  seems  to  me  that  this 
fact  makes  it  all  the  more  important 
that,  by  a  clear  grasp  of  the  principles 
underlying  the  scientific  arrangement 
of  street -lighting  units,  they  should  be 
in  a  position  to  offer  criticism  to  lighting 
schemes  which  are  open  to  criticism, 
and  thereby  gradually  effect  an  im- 
provement in  public  lighting  on  sound 
and  rational  lines. 

Now  the  first  point  to  be  thoroughly 
grasped  is  that  if  one  has  a  lamp  of  a 
certain  candle  power,  the  distribution 
of  the  light  in  the  area  affected  by  such 
a  lamp  will  vary  enormously — getting 
less  and  less  as  one  gets  more  distant 
from  the  source  of  light.  This  varia- 
tion in  distribution  depends  upon  two 
factors  :  Firstly  the  distance  from 
ground  level  at  which  the  light  is  placed; 
and,  secondly,  the  proportion  of  light 
emitted  at  different  angles.  If  the 
first  is  known,  the  radius  in  which  the 
light  at  each  angle  falls  can  be  easily 
ascertained  ;  and  if  the  second  is 
known,  the  actual  value  of  the  light 
when  it  reaches  this  radius  at  ground 
level  can  be  ascertained  just  as  easily. 
Light,  as  is  well  known,  diminishes  as 
the  square  of  the  distance  from  the 
source,  and  the  distance  from  the  source 
to  the  ground  at  different  angles  differs 
greatly  with  each  angle — getting  more 
and  more  as  the  angle  of  depression 
from  the  horizontal  gets  less  and  less. 

It  is  a  mistake  to  think  that,  in 
order  to  make  the  light  stronger  at  the 
distant  points,  all  that  is  needed  is  to 
increase  the  candle-power  of  the  source. 
Naturally,  this  does  increase  the  fight 
at  the  distant  points  ;  but  it  also 
increases  the  light  round  the  column 
in  the  same  proportion,  and  if  carried 
to  its  extreme  (as  it  often  is),  this  course 
only  results  in  a  glare  of  fight  round 
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the  column,  which  glare,  by  reason  of 
the  contrasts  it  introduces,  makes  the 
disproportion  apparently  worse.  Every- 
one knows  the  effect  of  going  out  of 
the  sunlight  into  a  darkened  room — 
how  at  first  one  cannot  see  at  all,  and 
how  after  the  eye  has  lost  the  effect 
of  the  sun's  glare  the  vision  accom- 
modates itself  to  the  feeble  light  of  the 
dim  room.  That  is  just  the  effect 
which  the  eye  encounters  in  walking 
along  a  street  lighted  in  this  manner  ; 
and  it  is  an  astonishing  thing  that  this 
practice  is  followed  to  the  extent  that 
it  is.  Thus,  through  want  of  a  little 
thought  and  the  application  of  simple 
rules,  street  fighting  in  many  cases 
degenerates  into  a  haphazard  scheme 
of  point  lighting,  instead  of  being,  as 
it  should  be,  the  even  and  uniform 
distribution  of  artificial  light. 

The  more  attention  is  drawn  to  it, 
the  more  mil  this  disproportion  of  fight 
diffusion  and  the  unevenness  of  distri- 
bution probably  be  noticed,  and  it  is 
hoped  in  course  of  time  remedied.  The 
question  is,  what  can  be  done  to  im- 
prove this  state  of  things,  even  though 
the  standard  set  up  for  attainment 
is  ideal  ?  It  appears  to  me  that  there 
are  two  ways.  The  first  way  is  to  select 
lamps  with  fighting  curves  which  are 
greater  at  10°  than  at  15°,  greater  at 
15°  than  at  20°,  and  which  get  less 
and  less  as  they  approach  the  80°  angle. 
To  do  this  involves  the  use  of  dioptric 
arrangements  or  reflectors,  and,  of 
course,  the  disproportion  can  at  best 
only  be  partially  remedied. 

Failing,  however,  the  possibility  of 
making  lamps  with  such  a  polar  curve 
as  will  compensate  for  this  dispro- 
portionate distribution  curve,  it  appears 
to  me  that  the  only  method  of  pro- 
ducing anything  approaching  even 
lighting  is  to  bring  the  lighting  units 
closer  together,  and  that  it  is  no 
remedy  to  increase  the  powers  of  the 
units  on  each  column.  For  if  this  is 
done,  while  it  increases  the  light 
generally,  it  utterly  fails  to  alter 
the  relative  distribution  ;  and,  indeed, 
by  inducing  a  glaring  effect  at  each 
column,  it  only  serves  to  increase  the 
contrast  and  make  the  lighting  effect 
worse.  It  is  obvious,  then,  that  if 
one  brings  the  columns  closer  together, 


the  lighting  effect  at  its  weakest  point 
will  be  reinforced  and  the  unevencss  of 
the  distribution  diminished.  It  will 
also  be  possible  to  reduce  the  candle- 
power  of  the  sources  of  light,  because 
there  is  always  an  excess  of  light  near 
the  column  on  account  of  the  initial 
candle  power  necessary  to  give  enough 
light  at  the  distant  points.  I,  there- 
fore, urge  attention  to  this  view — viz., 
the  desirability  of  decreasing  the  initial 
candle  power  of  light  units  and  placing 
them  closer  together. 

In  conclusion,  it  must  be  recognized 
that  it  is  very  difficult  indeed  to  la,y 
down  any  standard  of  lighting,  and  to 
say  what  lighting  is  suitable  for 
particular  street.  In  all  cases,  natur- 
ally, positions  have  to  be  varied  to 
coincide  with  street .  corners  and  to  give 
greater  light  at  crossings,  &c.,  while  the 
demands  of  a  business  street  with  heavy 
traffic  will  naturally  not  be  the  same 
as  those  of  a  residential  street.  Nor 
even  if  the  demand  were  made  or  put 
forward  in  competition  would  the 
same  type  of  light  suit  all  streets.  Thus, 
high  unit  lights  on  tall  columns  would 
be  most  suitable  for  a  residential  street, 
because  the  direct  light  produced  at 
the  level  of  bedroom  windows  is  not  to 
be  desired.  All  one  can  do  is  to  point 
out  what  effect,  with  respect  to  even- 
ness of  distribution,  wifi  be  produced 
by  various  combinations  of  heights  and 
distances. 

APPENDIX. 

(At  this  point  Mr.  Abady  reproduces 
the  recently  executed  Calcutta  Cor- 
poration Contract,  drawn  up  by  the 
technical  adviser  to  the  Council,  Mr. 
Alfred  Mansfield,  and  entered  into 
between  the  municipality  and  the 
Oriental  Gas  Companj'.  This  is  cited 
as  an  example  of  a  contract  of  the  B 
type  in  which  the  company  suppfies 
energy  and  the  municipafity  maintains.) 

The  following  is  an  extract  from 
the  Westminster  City  Street  Lighting 
Contract : — 

Extract  from  the  Westminster  City 
Street  Lighting  Contract. 
Specification  of  Lighting. 
See    General    Conditions    of  Contract 
attached. 

1.  The  subject  matter  of  the  contract 
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is  the  lighting  of  all  or  any  of  the 
districts  in  the  City  of  Westminster 
mentioned  in  the  annexed  form  of 
tender  and  defined  on  the  annexed 
plan. 

The  contract  so  far  as  it  relates  to 
"  Installation  "  includes  the  provision 
of  any  necessary  mains,  wires,  shades, 
apparatus,  lamps,  burners,  governors, 
cut-outs,  switches,  resistances,  reflect - 
tors,  and  other  fittings  necessary  for 
the  satisfactory  installation  of  a  satis- 
factory system  of  lighting  of  the  type 
quoted  for  and  the  execution  of  all 
incidental  works  of  every  kind,  in- 
cluding the  cost  of  the  making  good  of 
any  pavement  disturbed,  which  last 
mentioned  work  will  be  carried  out  at 
cost  price  by  the  Council  at  the  cost  of 
the  contractor. 

The  contract  so  far  as  it  relates  to 
"  Maintenance  "  includes  the  provision 
of  the  illuminant,  and  the  cleansing, 
lighting,  and  extinguishing  of  the 
lamps,  the  provision  of  any  carbons, 
mantles,  or  any  other  fittings  of  any 
kind  to  ensure  the  same  burning 
efficiently,  and  all  repairs  necessary 
to  the  things  provided  for  in  the 
"  Installation  "  contract  from  whatever 
cause  arising. 

The  illuminant  shall  be  of  the  mini- 
mum specified  candle  power. 

The  period  of  the  commencement  of 
the  contract  so  far  as  it  relates  to  main- 
tenance is  the  day  following  the  expira- 
tion of  the  existing  contract  relating 
to  the  district  in  question.  Particu- 
lars of  the  dates  of  expiration  of  the 
existing  contracts  are  given  in  the 
annexed  "  schedule  of  fights  as  at 
present  existing  in  the  four  districts." 
The  Installation  works  must  previously 
be  completed  in  accordance  with 
Clause  18  of  the  annexed  "  Conditions 
of  Contract." 

2.  The  contractor  shall  provide  all 
materials,  labour,  tools,  tackle,  imple- 
mcints,  plant,  water,  and  other  necessary 
things  for  the  proper  execution  of  the 
works.  All  the  materials  used  shall  be 
the  best  of  their  respective  kinds,  and 
applied  in  the  most  workmanlike  and 
suF)stantial  manner  possible,  and  the 
work  shall  be  executed  to  the  entire 
saUsfaction  of  the  City  Engineer, 
who  shall  have  full  power  to  reject  any 


materials  which  he  may  consider  unfit 
to  be  used  in  the  work. 

3.  In  the  case  of  "  large  units  "  the 
lamps  are  to  be  erected  on  suitable  and 
approved  columns  of  such  a  height 
that  the  centre  of  light  shall  not  be  less 
than  20  feet  above  the  adjacent  surface 
of  the  ground.  In  the  case  of  "  small 
units  "  the  centre  of  light  shall  be  not 
less  than  12  feet  from  the  adjacent 
ground  surface. 

4.  The  design  of  electric  lamp  pillars 
is  subject  to  the  approval  of  the 
Council,  and  such  pillars  must  be  of 
cast  iron  or  cast  iron  and  steel  tube 
construction.  The  approved  type  of 
gas -lamp  columns  is  that  recently 
erected  in  Whitehall  and  Parliament 
Street.  In  the  case  of  electric  lamps, 
provision  must  be  made  for  the  winding 
gear  to  the  footway  columns.  Arc 
lamps  shall  be  fitted  with  automatic 
substitutional  resistances,  so  that  the 
failure  of  one  lamp  will  not  interfere 
with  others  in  the  same  group. 

5.  Each  lamp  is  to  be  fitted  with 
burners,  mantles,  globes,  and  fittings,  as 
the  case  may  be,  giving  a  minimum 
of  90,  180,  1,800,  or  3,000  standard 
candle-power,  respectively,  as  directly 
measured  by  the  Council's  portable 
photometric  apparatus  placed  at  ground 
level,  and  is  to  burn  3,940  hours  per 
annum  in  accordance  with  a  daily 
schedule  to  be  hereafter  supplied  by 
the  Council.  The  fittings  and  lamp 
must  be  in  every  respect  to  the  satis- 
faction of  the  City  Engineer,  and  in 
particular  the  reflectors  above  the 
light  are  not  to  be  concave  to  the  light 
to  as  to  concentrate  the  illumination 
at  the  foot  of  the  lamps,  but  horizon- 
tally, flat,  or  slightly  convex  as  ap- 
proved by  the  City  Engineer  so  as  to 
disperse  the  rays.  The  tests  will  be 
taken  in  such  a  manner  as  to  ensure 
that  glazing  bars  shall  not  interfere 
with  the  results  obtained.  The  candle- 
power  shall  be  arrived  at  by  taking  the 
average  of  two  readings  in  any  position 
with  regard  to  the  light  under  test  one 
reading  at  an  angle  of  20  degrees  and 
a  second  reading  at  an  angle  o^  50 
degrees  to  the  horizontal.  A  test 
standard  unit  of  1-foot  candle  or  of  any 
size  in  excess  of  this  up  to  10-foot 
candles  may  be  used  according  to  the 
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character  of  the  photometer  with  which 
the  tests  are  made  and  the  class  of 
lamp  being  tested,  all  as  the  City 
Engineer  shall  direct.  The  photo- 
meter shall  be  of  the  Simmance-Abady 
Flicker  type,  or  of  any  type  approved 
by  the  City  Engineer.  The  intention 
of  this  contract  is  that  the  Contractor 
shall  assure  himself  by  continued  test 
and  inspection  that  the  lamps  he  pro- 
vides are  during  lighting  hours  fulfilhng 
in  all  respects  the  requirements  of  this 
contract,  and  he  shall  not  claim  relief 
from  the  conditions  of  this  contract  on 
the  grounds  of  non-notification  on  the 
part  of  the  Council  of  any  failure  to 
comply  with  the  terms  of  this  specifica- 
tion. The  light  given  shall  be  of  a 
steady,  invariable  character,  of  a  white 
or  yellowish-white  colour. 

6.  The  w^hole  of  the  metal  work  of  the 
lamps  shall  be  cleaned  down  and  painted 
once  in  every  two  years  with  two 
coats  of  oil  paint,  the  last  coat  being 
mixed  with  hard -drying  outside  varnish, 
of  the  special  shades  of  colour  generally 
used  by  the  Council  for  lamps  and  as 
required  by  the  City  Engineer,  after 
thoroughly  scraping  and  cleaning.  All 
old  paint  shall  be  completely  burnt  off 
once  in  every  four  years,  when  three 


coats  of  paint,  as  before  mentioned, 
shall  be  applied  instead  of  two  coats. 
The  painting  shall  be  done  at  such 
time  of  the  year  as  shall  be  approved 
by  the  Council.  The  glass  shall  at 
all  times  be  kept  thoroughly  clean. 

7.  The  whole  of  the  installation  is 
to  be  complete  and  in  thorough  working 
order  by  the  time  specified  in  Clause  18 
of  the  annexed  Conditions  of  Contract. 

8.  Such  of  the  existing  pillars  and 
lamps  as  are  the  property  of  the  Council 
may  be  used  in  their  present  positions, 
free  of  cost,  subject  to  adaptation  as 
particularized  in  Tender  Form,  if 
they  can  be  adapted  in  such  a  manner 
as  to  have  the  approval  of  the  Council. 
In  case  any  new  lamps  or  parts  thereof 
are  required  under  any  scheme  sub- 
mitted by  any  tenderer,  the  existing 
lamps  shall  be  carefully  taken  down 
and  if  the  proprety  of  the  Council,  shall 
become  the  property  of  the  Contractor, 
who  shall  make  allowance  for  the 
value  of  the  same  in  his  tender.  The 
existing  mains,  surface  boxes,  &c., 
are  not  the  property  of  the  Council. 
Possession  of  the  existing  lamps, 
columns,  &c.,  will  be  given  at  various 
dates  prior  to  the  end  of  the  year  1910. 


Lighting  a 

An  interesting  problem  in  illuminating 
engineering  was  referred  to  by  Mr.  G.  N. 
Stickney  in  a  recent  article  on  factory 
lighting  in  The  Electrical  Review  of 
New  York.  Adjoining  the  works  of  a 
leading  rifle  manufacturer  was  a 
220  yards  testing  range  on  which  experi- 
ments were  constantly  being  made  with 
new  models,  and  it  was  found  to  be 
rarely  possible  to  get  satisfactory 
results  on  this  range  with  artificial 
light.  On  examination  the  intensity  of 
artificial  illumination  on  the  targets 
proved  to  be  about  6  to  8  foot-candles, 
This  might  have  been  considered  ample 
for  many  ordinary  requirements,  but  it 
was  not  so  in  this  case.  The  daylight 
illumination,  on  the  other  hand,  though 
naturally  varying  from  day  tc  day,  was 
usually  in  the  neighbourhood  of  60  to 
70   foot -candles.   Eventually  an  im- 


Rifle  Range. 

proved  system  of  artificial  illumination 
giving  about  30-foot  candles  was  intro- 
duced. This  proved  entirely  satis- 
factory, and  later  it  was  decided  tc  use 
artificial  light  always,  as  by  so  doing 
an  invariable  and  steady  illiiminaticn 
could  be  relied  upon — a  matter  of  some 
consequence,  as  tests  on  different  days 
ought  to  be  comparable  one  with 
another. 

This  is  a  striking  example  of  the 
truth  that  it  is  impossible  to  specify 
a  certain  order  of  illumination  as  in- 
variably satisfactory.  The  amount  of 
light  required  depends  entirely  on  the 
use  to  which  it  is  to  be  put,  and 
illumination  that  would  serve  for 
reading  purposes,  for  example,  is  not 
high  enough  for  the  observation  of 
close  detail  at  a  distance. 


442 


THE  ILLUMINATING  ENGINEER. 


Some  Views  on  Street  Lighting  and  Street  Photometry. 

By  An  Engineering  Correspondent. 


We  have  been  hearing  a  great  deal 
about  the  objects  of  street  Hghting 
recently.  But  a  short  time  ago  the 
report  of  the  deputation  of  the  City  of 
London,  embodying  the  results  of  their 
tour  on  the  Continent,  was  issued.  Since 
then  the  decision  of  the  Westminster 
Council  on  the  subject  of  the  lighting 
of  the  neighbourhood  of  Piccadilly  has 
excited  much  comment,  and  the  paper 
which  has  just  been  read  by  Mr. 
Abady  before  the  Institution  of  Gas 
Engineers  is  also  provoking  much 
discussion. 

One  is  therefore  naturally  interested 
in  noting  the  course  which  discussions 
on  street  lighting  are  taking  on  the 
Continent  and  in  the  United  States. 
Mr.  Abady's  suggestions  regarding 
methods  of  testing  the  lighting  condi- 
tions differ  radically  from  those  put 
forward  in  other  quarters — e.g.,  from 
the  recommendations  of  the  Verband 
Deutscher  Elektrotechniker  which  are 
likely  to  be  generally  adopted  in  Ger- 
many.* It  has  been  suggested  by  the 
Photometrical  Committee  of  this  body 
that  illumination,  whether  outdoors  or 
indoors,  should  be  measured  in  a  hori- 
zontal plane  one  metre  above  the 
ground,  and  that  both  the  mean  illu- 
mination and  ratio  of  the  maximum 
to  the  minimum  value  should  be  stated. 
In  this  way  one  would  certainly  obtain 
a  general  idea  of  the  conditions  of 
illumination,  though  there  still  seems 
room  for  additional  information  on 
another  important  point,  namely  the 
absence  or  presence  of  "  glare  "  in  the 
illuminant  employed. 

It  is  to  be  noted  that  a  number  of 
other  contributions  take  the  same 
view — that  measurement  of  illumination 
in  a  horizontal  plane  is,  on  the  whole, 
the  })est  system  of  examining  street 
illumination.  For  instance,  Jehl,t  de- 
scribes some  tests  carried  out  on  the 

*  Ilbimiiialivq  Knginmr,  TiOnd.,  .Tune, 

t  AYec.  World,  April  28,  I'JIO,  pp.  1002-l()(;i. 


street  lighting  of  Budapest  in  which 
this  method  was  followed.  It  was, 
however,  found  desirable  to  receive 
the  illumination  on  a  special  matt 
white  surface  consisting  of  pressed 
plaster  of  paris  treated  with  magnesia, 
so  that  the  actual  illumination  might 
approach  as  nearly  as  possible  the  value 
suggested  by  the  cosine  law.  In 
summarizing  the  results  of  these  tests 
stress  is  laid  on  the  ratio  of  the  maxi- 
mum to  the  minimum  illumination,  or, 
as  it  is  termed,  "  the  co-efficient  of 
distribution."  The  mean  horizontal 
intensity  in  the  electrically  lighted 
streets,  in  three  cases  studied,  was 
8*45,  8'55,  and  5*88  lux  respectively 
while  in  the  gas  lighted  streets  the 
corresponding  figures  were  7' 6,  12' 1, 
and  8"  8.  Yet,  although  the  mean 
horizontal  illumination  was  greater 
in  the  latter  case  the  co -efficient  of 
distribution  appears  to  have  been 
exceedingly  high,  namely  51*6,  showing 
that  the  illumination  was  very  uneven. 
A  feature  of  these  tests  deserving  men- 
tion was  the  formation  of  a  specially 
constituted  committee  on  which,  among 
others,  the  general  managers  of  the 
General  Electric  Co.  and  the  Siemens 
Schiickert  works  in  Budapest,  the 
City  engineers  and  chemists,  and  a 
special  expert  from  Berlin  assisted. 

In  some  tests  on  street  lighting  in 
Washington*  measurement  of  illumina- 
tion was  also  utilized.  In  the  streets 
lighted  by  magnetite  arc -lamps  the 
mean  illumination  was  about  0'062 
foot  candles  ;  in  certain  others,  lighted 
by  50  watt  Tungsten  lamps,  the 
average  illumination  was  0'013  foot 
candles. 

Yet  another  contribution  on  this 
subject  is  that  of  J.  Sumec.t  This 
author  also  discusses  in  some  detail 
the  best  method  of  specifying  conditions 
of  street  lighting,  and  he  too  arrives 

*  FJec  World,  January  0,  1010,  pp.  nS-fiO. 
t  Eltk.  und.  Maffch.,  Jan.  2,  11)10,  pp.  1-4. 
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at  the  conclusion  that  a  measurement 
of  the  mean  illumination  in  a  horizontal 
plane  was  most  satisfactory.  However, 
he  adds  that  the  product  of  the  mean 
and  the  minimum  illumination  might 
also  be  regarded  as  a  useful  factor. 

In  devising  street  lighting  the 
engineer  is  invariably  confronted  by 
one  obvious  difficulty.  In  order  to 
obtain  uniform  illumination  he  must 
secure  a  powerful  intensity  at  small 
angles  to  the  horizontal  ;  yet,  un- 
fortunately, it  is  just  these  rays  that 
tend  to  shine  in  the  eyes  of  pedestrians 
and  to  produce  an  impression  of  glare. 
It  is  curious  to  notice  that  whereas 
some  authorities  on  this  account  prefer 

large   number   of  relatively  small 


also  recognizes  that  in  good  street 
illumination  we  have  to  reconcile  two 
requirements,  absence  of  glare  and 
uniform  illumination.  It  is  not  a  very 
difficult  matter  to  design  an  ideal  polar 
curve  of  light  distribution  for  the 
latter  purpose  ;  but  it  is  more  difficult 
to  secure  that  it  does  not  conflict  with 
the  former.  An  important  item  in 
making  such  calculations  is  the  ratio 
of  the  distance  between  adjacent  units 
to  the  height  of  the  lamps  above  the 
s  reet.  In  America  this  quantity  is 
often  as  high  as  15.  A.  J.  Sweet,  how- 
ever, both  with  a  view  to  avoiding 
glare  and  also  in  order  to  secure  uni- 
formity, recommends  that  this  ratio 
should  never  exceed  4.    When  this  is 


Fig.  1.—"  Total  Reflector  "  for  use  with  Flame  Arcs. 


units  equipped  with  reflectors  and 
placed  close  together,  Sumec  and  others 
take  just  the  opposite  line.  He  suggests 
that  our  best  plan  is  to  use  powerful 
sources  a  long  distance  apart  and  very 
high  up.  Under  these  conditions  the 
fact  that  the  light  is  always  relatively 
far  away  from  the  eyes  helps  to  minimize 
the  effect  of  their  brilliancy.  He 
describes  one  installation  which  gave 
very  satisfactory  results,  consisting  of 
flame  arcs  hung  on  masts  10  metres 
high. 

A  very  interesting  analysis  of  the 
objects  of  street  lighting  was  recently 
made  by  A.  J.  Sweet.*    This  author 

*  Jour,  of  Franklin  Inst.,  May,  1910,  pp.  359-384. 


done  rays  can  only  strike  the  eye  at  a 
comparatively  oblique  angle.  This 
paper  also  describes  an  attempt  made 
by  the  author  to  determine  the  angular 
range  over  which  rays  striking  the 
eyes  give  rise  to  an  impression  of  dazzle. 
In  order  to  investigate  this  point  a 
series  of  tests  were  made  on  the  effect 
of  light  sources  in  the  field  of  view 
upon  acuteness  of  vision.  Naturally 
a  light  seen  "  out  of  the  tail  of  the  eye," 
though  still  troublesome,  is  less  dis- 
tressing than  one  placed  in  the  direct 
line  of  sight.  Sweet  comes  to  the  con- 
clusion that  light  entering  the  eye  at 
angles  of  more  than  30  degrees  wdth 
horizontal  (the  horizontal  being  the 
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normal  direction  of  vision  of  people 
walking  down  the  street)  is  of  rela- 
tively little  consequence  in  causing 
the  sensation  of  glare.  In  street  light- 
ing we  ought  therefore  to  shade  the 
eyes  from  any  direct  rays  which  are 
capable  of  reaching  it  within  the  pre- 
scribed angular  range.  (It  may  be 
recalled  that  L.  Weber*  also  con- 
siders that  bright  sources  in  interiors 
should  be  so  placed  that  the  angle 
between  their  direct  rays  entering 
the  eyes  and  the  normal  direction  of 
vision  should  not  be  less  than  30  degrees 
— a  conclusion  exactly  similar  to  that 
reached  by  A.  J.  Sweet.) 

One  illustration  of  the  trend  of 
modern  views  on  street  lighting  is  the 
gaining  recognition  than  an  illuminant 
intended  for  this  purpose  ought  to  be 
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Fiu.   .—Polar  Curves  of  Flame  Arclamp. 
(a)  With  ordinary  globe. 
(6)  Unscreened, 
(c)  With  Total  Reflector. 

provided  with  a  carefully  designed 
reflector,  and  that  by  so  doing  one 
can  modify  the  natural  distribution  of 
light  within  wide  limits.  The  well- 
known  dioptric  globe,  used  in  con- 
nexion with  "  Excello  "  arc-lamps,  is 
an  example  of  this  tendency. 

Another  illustration  of  investigations 
in  this  direction  is  furnished  by  the 
"  total  reflector "  for  flame  arcs  de- 
signed by  K.  Hrabowski.t  A  sketch 
of  this  arrangement,  and  the  polar 
curve  to  which  it  gives  rise,  is  given 
in  Figs  1  and  2.  The  reflector  consists 
of  an  enamelled  metal  portion  supple- 
mented by  a  ring  of  clear  glass  which 
totally  reflects  c(!rtain  rays  falling 
upon  it.    The  distribution  of  light  is 

•  J/lnm.  Etuj.  Lond.,  Vol.  III.,  Feb.,  1910,  p.  116. 
t  Ekktrottchn.  Zeitschr.  Jan.  6, 1910,  pp.  11-13. 


claimed  to  be  influenced  in  such  a  way 
that  the  light  is  strengthened  in  direct- 
tions  only  slightly  inchned  to  the 
horizontal,  and  yet  it  is  also  intended 
to  suppress  glare.  Thus  rays  between 
45°  and  the  vertical,  which  are  not 
likely  to  enter  the  eyes  direct,  are 
allowed  to  pass  unimpeded,  but  rays 
outside  this  angle  are  to  some  extent 
diffused  by  the  reflectors  and  their 
glaring  effect  is  lessened.  It  is  also 
contended  that  fumes  from  flame 
carbons  do  not  deposit  on  the  glass 
ring  owing  to  its  high  temperature 
and  that  the  loss  of  light  in  reflection  is 
only  11  per  cent  ;  this  the  author 
considers  to  be  about  the  minimum 
theoretically  possible. 

Yet  another  example  of  recent 
designs  in  reflectors  is  the  "  Equilux  " 
of  C.  H.  Sharp.*  The  appearance 
of  this  reflector  will  be  understood 
•from  Figs  3  and  4.    It  is  expressly 


Fig.  3.— The  "  Equilux  "  Reflector. 


designed  to  direct  the  light  to  quarters 
where  it  is  most  needed  and  to  produce 
a  uniform  illumination.  Unlike  most 
globes  and  reflectors  designed  for  the 
purpose,  it  is  not  symmetrical  about  the 
vertical  axis,  but  is  intended  to  throw 
back  into  the  street  light  which  would 
otherwise  escape  sideways.  There 
seems  no  doubt  that  this  latter  point 
is  rather  an  important  one,  though 
some  objection  might  possibly  be  taken 
to  the  appearance  of  this  reflector 
from  an  artistic  standpoint.  At  present 
there  is  often  a  great  deal  more  light 
thrown  out  sideways  on  to  the  walls 
and  houses  than  is  really  necessary. 
One  need  not  assume  that  light  should 
be  entirely  restricted  to  the  lower 
hemisphere,  but  it  must  be  admitted 
that  in  London,  owing  to  the  griminess 
of  most  buildings,  a  very  large  portion 

*  Paper  read  before  the  American  Illuminating 
Engineering  Society,  New  York,  May  12th,  1910. 


VIEWS  ON  STREET  LIGHTING  AND  STREET  PHOTOMETRY.  445 


of  the  light  reaching  them  is  absorbed 
and  wasted.  Possibly  the  use  of  good 
reflecting  surfaces  may  in  future  form  a 
more  important  item  in  connexion 
with  street  lighting.  A.  Bohle*  has 
described  how  in  Cape  Town  the  pro- 
vision of  good  lighting  in  the  streets 
is  very  much  simplified' by  the  white- 
ness of  the  buildings  and  the  large 
amount  of  light  reflected  from  them. 
Another  example  of  the  waste  of  light 
emitted  sideways  from  street  lamps 
is  provided  by  the  lighting  up  of  certain 
hoardings  and  advertisements.  One 
could  mention  certain  advertisements  in 
the  Strand,  the  value  of  which  must 
be  very  much  enhanced  by  the  fact 
that  flame  arcs  and  incandescent 
mantles  in  their  neighbourhood  throw 
a  very  large  portion  of  their  light 


Fig.  4.— The  "Equilux"  Reflector 
in  position. 


straight  on  to  the  posters  throughout 
the  evening.  It  is  something  of  an 
anomaly  that  light  intended  for  the 
public  benefit  should  be  suffered  to 
serve  this  end. 

Returning  to  the  question  of  glare, 
one  cannot  but  feel  that  it  might  often 
pay  to  sacrifice  a  certain  amount  of 
brilliancy  by  the  use  of  diffusing  globes. 
It  is  quite  possible  that  by  so  doing  we 
might,  in  spite  of  the  loss  of  light,  be 
able  to  see  our  way  about  easier,  and 
one  would  like  to  see  further  experi- 
ments made  on  this  point.    In  the 

*  Ilium.  Eng.  Lond.,  Vol.  I.,  J 908,  p.  611. 


writer's  experience  it  is  often  impossible 
to  distinguish  the  features  of  a  person 
coming  towards  one,  and  only  a  few 
yards  away — and  this  in  spite  of  the 
fact  that  the  illumination  may  be 
unusually  high.  The  explanation  seems 
to  lie  in  the  fact  that  the  eye  is  dis- 
tressed by  seeing  the  bright  sources 
in  the  background,  and  an  unmistakable 
gain  in  distinctness  can  usually  be 
secured  by  screening  the  eyes  with  the 
hand. 

It  is  often  suggested  that  people 
like  to  see  a  row  of  bright  lights  down 
each  side  of  the  street,  and  that  this 
gives  rise  to  an  impression  of  cheerful- 
ness. But  if  this  be  true  it  is  also  true 
that  the  cheerfulness  would  be  in  no 
way  diminished,  and  the  comfort  to 
eyesight  of  pedestrians  would  be  im- 


FiG.  5. 


proved,  by  reducing  the  intrinsic 
brilliancy  of  such  sources.  An  interest- 
ing move  in  this  direction  has  recently 
been  made  in  Newark  in  the  United 
States  and  elsewhere,  where  clusters  of 
Holophane  globes,  surrounding  tungsten 
glow-lamps  have  been  used  for  street 
hghting.  This  method  is  exhibited 
in  Eig.  5. 

Lastly,  it  may  be  of  interest  to 
mention  one  new  electric  source  of 
light  which  may  prove  an  interesting 
addition  to  street  illuminants  namely 
the  quartz  tube  mercury  vapour  lamp. 
This  lamp  has  been  previously  de- 
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scribed  in  The  Illuminating  Engineer."^ 
The  mechanical  construction  is  not 
unlike  that  of  the  ordinary  mercury 
vapour  lamp,  the  main  distinction  being 
the  use  of  a  special  small  quartz  glass 


Fig.  6. — The  Quartz  Tube  Mercury  Vapour 

tube  which  permits  of  a  much  higher 

*  Illuminating  Engineer  Lond.,  Yol.  I.,  1908, 
p.  81  ;  Vol.  II.,  1909,  p.  170. 


temperature.  The  specific  consump- 
tion is  said  to  be  as  low  as  0'25  watts 
per  candle.  At  the  high  temperature 
of  the  tube  the  line  spectrum  of 
mercury  broadens  out  into  a  more 
or  less  continuous  one 
giving  a  whitish  yellow 
light  tinged  with  green  ; 
this  contains  a  distinct 
red  constituent.  In  order 
to  absorb  the  ultra-violet 
rays  a  special  dense  lead 
glass  diffusing  globe  is 
placed  round  the  source. 

A  number  of  these  lamps 
have  recently  been  intro- 
duced in  Paris  giving  1,000 
and  2,000  candle  -  power. 
They  are  said  to  require 
practically  no  attention 
during  their  usual  life  of 
2,000  hours,  and  the 
luminous  mercury  tube, 
placed  as  it  is  inside 
the  dense  diffusing  outer 
globe,  is  said  to  give  rise 
to  an  exceedingly  soft 
illumination,  the  intrinsic 
brilliancy  being  quite  ex- 
ceptionally low.  Fig.  6, 
which  illustrates  the  general 
appearance  of  the  lamp,  is  taken 
from  a  recent  number  of  Popular 
Electricity. 


Lamp. 


Testing  the  Strength 

A  RECENT  paper  by  T.  MuIIer*,  describes 
a  method  of  testing  the  shock-resisting 
power  of  metallic  filaments.  A  small 
rubber  ball  is  allowed  to  fall  down  an 
inclined  plane  and  impinge  upon  the 
lamp-bulb  at  the  base  of  it.  The 
si)eed  of  the  ball,  and  therefore  the 
intensity  of  the  shock,  depends  upon  the 
distance  the  ball  is  allowed  to  roll 
before  impact.  In  testing  a  lamp  the 
distance  of  roll  is  gradually  increased 
until  the  filament  gives  way,  and  in  this 
*  Electrician,  April  28,1910. 


of  Metallic  Filaments. 

manner  the  durabihty  of  different  types 
of  lamp  can  be  tested.  As  was  ex- 
pected the  lamps  of  low  voltage  and 
high  candle-power  possessed  the  greatest 
strength,  but  it  was  rather  difficult  to 
draw  conclusions  regarding  the  rela- 
tive fragility  of  lamps  of  the  same  class. 
Lamps  when  alight  were  much  more 
difficult  to  break  than  when  the  filament 
was  cold.  The  filament  itself  was  not 
invariably  the  most  fragile  part  of  the 
lamp,  breakages  sometimes  occurring 
in  the  supporting  glass  rods  and  hooks. 
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The  Johns  Hopkins  Course  of  Illuminating  Engineering. 

To  be  held  at  the  Johns  Hopkins  University,  Baltimore,  U.S.A. 

(From  The  Electrical  World,  N.Y.,  June  2nd,  1910.) 


The  Illuminating  Engineering  Society 
has  arranged  for  a  course  of  thirty-six 
lectures  on  illuminating  engineering, 
with  accompanying  laboratory  work,  at 
Johns  Hopkins  University,  Baltimore, 
extending  from  October  26th  to 
November  8th,  1910.  The  lectures, 
which  will  be  given  under  the  joint 
auspices  and  control  of  the  Society  and 
the  University,  will  follow  immediately 
the  annual  convention  of  the  society 
which,  upon  the  invitation  of  the 
President  of  the  Johns  Hopkins  Uni- 
versity, Avill  be  held  at  that  institution, 
beginning  Monday,  October  24th,  1910. 

The  origin  of  the  course  was  due  to  a 
recognition  by  the  Society  that  there 
is  an  increasing  demand  for  trained 
illuminating  engineers  and  that  the 
present  facilities  available  for  the 
specialized  instruction  required  are 
inadequate.  The  specific  objects  of  the 
course  are  to  indicate  the  proper  co- 
ordination of  those  arts  and  sciences 
which  constitute  illuminating  engineer- 
ing ;  to  give  practising  engineers  an 
opportunity  to  obtain  a  conception  of 
the  science  of  illuminating  engineering 
as  a  whole,  and  to  furnish  a  condensed 
outline  of  study  suitable  for  elabora- 
tion into  afn  undergraduate  course  for 
introduction  into  the  curricula  of  under- 
graduate technical  schools.  The  sub- 
jects and  scope  of  the  lectures  have  been 
proposed  by  the  Society  and  approved 
by  the  University.  The  lecturers  have 
been  invited  by  the  University  upon  the 
advice  of  the  Society. 

The  University  will  provide  facilities 
for  demonstrations  at  lectures  and  will 
also  have  installed  a  working  exhibit 
of  apparatus  for  experimental  work  in 
light,  illumination,  and  illuminating 
engineering.  This  apparatus  will  be 
at  the  disposal  of  those  who  attend 
and  an  opportunity  will  be  afforded 
to  undertake  laboratory  work  during  the 
term  of  the  lecture  course  under  the 


supervision  of  trained  experts  of  the 
University  and  of  the  Society.  A 
fee  of  S25  will  be  charged  for  admis- 
sion to  the  course  and  to  the  accom- 
panying laboratory  instruction.  Fol- 
lowing is  a  list  of  the  lectures  : 

'  The  Physical  Basis  of  the  Production 
of  Light'  (three  lectures);  Joseph  S. 
Ames,  Ph.D.,  Professor  of  Physics,  the 
Johns  Hopkins  University.  '  The  Physical 
Characteristics  of  Luminous  Sources  ' 
(two  lectures);  Edward  P.  Hyde,  Ph.D., 
President  Illuminating  Engineering- 
Society  ;  Director  of  Physical  Laboratory, 
National  Electric  Lamp  Association. 
'  The  Chemistry  of  Luminous  Sources  ' 
(one  lectiu-e);  Willis  R.  Whitney,  Ph.D., 
Director  of  Research  Laboratory,  General 
Electric  Company  ;  Past  President,  Ame- 
rican Chemical  Society.  '  Electric  Illu- 
minants  ^  (two  lectures)  ;  Charles  P. 
Steinmetz,  Ph.D.,  Consulting  Engineer, 
General  Electric  Company  ;  Past  Presi- 
dent, American  Institute  of  Electrical 
Engineers ;  Professor  of  Electrical 
Engineering,  Union  University.  '  Gas 
and  Illuminants '  (two  lectiu'es)  ;  (1) 
M.  C.  Whitaker,  B.S.,  M.S.,  Professor  of 
Industrial  Chemistry,  Coliunbia  University 
(2)  Alexander  C.  Humphreys,  M.E.  Hon. 
Sc.D.,  President  of  Stevens  Institute  of 
Technology ;  Past  President,  American 
Gas  Institute.  '  The  Generation  and 
Distribution  of  Electricity,  with  Special 
Reference  to  Lighting  ^  (two  lectures)  ; 
John  B.  Whitehead,  Ph.D.,  Professor  of 
Applied  Electricity,  the  Johns  Hopkins 
University.  '  The  Manufactiue  and  Dis- 
tribution of  Gas,  with  Special  Reference 
to  Lighting^  (two  lectures);  (1)  A.  G. 
Glasgow,  M.E,  M.I.C.E.,  London,  Eng- 
land ;  (2)  Mr.  Walter  R.  Addicks,  Vice- 
President  of  Consolidated  Gas  Company, 
New  York.  '  Photometric  Units  and 
Standards  ^  (one  lecture)  ;  Edward  B. 
Rosa,  Ph.D.,  Physicist,  National  Bureau 
of  Standards.  '  The  Measiu-ement  of 
Light  ^  (two  lectures)  ;  Clayton  H.  Sharp, 
Ph.D.,  Test  Officer,  Electrical  Testing 
Laboratory,  New  York  City ;  Past 
President,  Illuminating  Engineering 
Society.  '  The  Architectiural  Aspects  of 
Illuminating  Engineering  '  (two  lectiues) ; 
Walter  Cook,  A.M.,  Vice-President,  Ame- 
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rican  Institute  of  Architects ;  Past 
President,  Society  of  Beaux  Arts  Archi- 
tects. '  The  Decorative  Aspects  of  Ilki- 
minating  Engineering  ^  (one  lecture)  ; 
Mr.  Louis  C.  Tiffany,  President  of  the 
Tiffany  Studios,  New  York.  '  The  Physio- 
logical Aspects  of  Illuminating  Engineer- 
ing (two  lectures)  ;  P.  W.  Cobb,  B.S., 
M.D.,  Physiologist  of  the  Physical  Labor- 
atory of  the  National  Electric  Lamp 
Association.  '  The  Psychological  Aspects 
of  Illmxiinating Engineering  '  (one  lecture); 
John  B.  Watson,  Ph.D.,  Professor  of 
Experimental  Psychology,  Johns  Hopkins 
University.  '  The  Principles  and  Design 
of  Interior  Illumination  ^  (six  lectures)  ; 
(1)  L.  B.  Marks,  B.S.,  M.M.E.,  Consulting 
Engineer,  New  York  City  ;  Past  President 
Illuminating  Engineering  Society ;  (2) 
Mr.  Norman  Macbeth,  Illuminating  En- 
gineer, the  Welsbach  Company.  '  The 
Principles  and  Design  of  Exterior  Illu- 
mination ^  (three  lectures);  (1)  Louis 
Bell,  Ph.D.,  Consulting  Engineer,  Boston, 
Mass.,  Past  President,  Illuminating  En- 
gineering Society  ;  (2)  E.  N.  Wrigh ting- 
ton,  A.B.,  Boston  Consolidated  Gas 
Company.    '  Shades,  Reflectors,  and  Dif- 


fusing Media  ^  (one  lecture)  Van  Rens- 
selaer Lansingh,  B.S.,  General  Manager 
of  Holophane  Company.  '  Lighting  Fix- 
tures ^  (one  lecture)  ;  Mr.  Edward  F. 
Caldwell,  senior  member  of  firm  and 
designer,  Edward  F.  Caldwell  &  Company, 
New  York.  '  The  Commercial  Aspects 
of  Electric  Lighting '  (one  lecture)  ; 
John  W.  Lieb,  Jun.,  M.E.,  third  Vice- 
President  of  New  York  Edison  Company  ; 
Past  President,  American  Institute  of 
Electrical  Engineers.  '  The  Commercial 
Aspects  of  Gas  Lighting  ^  (one  lecture)  ; 
Walter  Clark,  M.E.,  President  of  the 
Franklin  Institute,  Philadelphia  ;  Third 
Vice-President,  United  Gas  Improvement 
Company,  Philadelphia.  The  laboratory 
demonstrations  will  be  under  the  direction 
of  Mr.  Charles  O.  Bond,  manager  of 
photometric  laboratory,  United  Gas  Im- 
provement Company,  Philadelphia  ;  Dr. 
Herbert  E.  Ives,  Ph.D.,  physicist,  Physical 
Laboratory,  National  Electric  Lamp  Asso- 
ciation, and  Mr.  Preston  S.  Millar, 
Electrical  Testing  Laboratories,  New 
York ;  General  Secretary,  Illuminating 
Engineering  Society. 


Portable  Acetylene  Light; 

Acetylene  lights  are  said  to  be  find- 
ing a  useful  field  in  connection  with  the 
illumination  of  buildings  during  erec- 
tion, for  railway  work,  for  unloading 
heavy  goods  from  ships,  and  in  other 
cases  where  a  powerful  portable  source 
of  light  is  needed  during  night  work,  and 
gas  and  electricity  are  not  available. 
The  illustration  on  the  opposite  page, 
for  example,  taken  from  a  photograph 
kindly  lent  us  by  the  Imperial 
Light  Co.  Ltd.,  shows  such  an  acetylene 
outfit  in  operation.  It  is  stated  by  the 
makers  that  an  outfit  capable  of  giving 
350  candle  power  can  be  moved  from 
place  to  place,  when  fully  charged,  by 
a  single  man.  Such  an  apparatus  con- 
sumes about  12  oz.  of  carbide  per  hour, 
and  will  run  for  twelve  hours  without 
requiring  a  n^charge.  Similar  outfits 
yielding  1,000  and  3,500  candle-power 
are  also  available. 


J  for  Emergency  Lighting. 

Attention  was  called  to  the  value 
of  acetylene  for  emergency  lighting  by 
the  recent  floods  in  Paris  ;  during  this 
time  the  gas  and  electricity  supplies 
were  both  out  of  action.  The  apparatus 
shown  in  the  illustration  contains  a 
generator,  but,  as  has  been  pointed  out 
previously  in  these  columns,  dissolved 
acetylene  in  tubes  has  also  been  found 
effective  for  emergency  lighting  in 
churches  during  festivals,  &c.*  A 
special  advantage  claimed  for  such 
dissolved  acetylene  outfits  is  said  to  be 
that  they  can  be  attached  to  the  supply 
mains  usually  fed  by  a  generator  in  the 
event  of  its  being  temporarily  out  of 
action.  For  the  same  reason  twin 
generators,  one  of  which  can  be  put 
into  action  at  any  moment  while  the 
other  is  being  cleaned  or  charged,  are 
sometimes  employed^.  

*  Illuminating  Engineer,  Jan.,  1910,  p.  53. 
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Fig.  L— Imperial  Acetylene  Outfit  in  use  during  construction  of  Council  House,  Birmingham. 
Photograph  taken  about  10  o'clock  on  a  November  night,  no  other  artificial  lighting  used. 


Lighting  Hospital  Wards. 

If  direct  lighting  is  to  be  used  and  the  hide  the  form  of  the  lamp  filament .... 

usual  arrangement  of  beds  prevails —  To  have  bare  gas  or  electric  lamps  in 

i.e.,  a  double  row  with  an  aisle  through  such  a  position  that  they  can  shine 

the  centre  fof  theTroom — a  row   of  in  the  patient's  eyes  is  a  condition 

central  chandeliers  is  the  only  feasible  which  cannot  possibly  be  condoned  on 

method.      The    one    necessary    pre-  any      grounds.  —  The  Illuminating 

caution  is  then  to  fit  each  lamp  with  Engineer  (New  York),  June,  1910. 
a  diffusing  globe  that  will  entirely 
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On  the  Radiation  from  Metals. 

By  Edward  P.  Hyde. 

(Abstract  of  a  paper  presented  bafori  the  American  Physical  Society,  Washington,  April  22,  1910.) 


In  a  previous  paper^  before  the  New 
York  Section  of  the  Iluminating 
Engineering  Society  the  author,  in 
collaboration  with  Messrs.  Cady  and 
Middlekauff,  presented  the  results  of 
the  application  of  two  new  photo- 
metric methods  to  the  study  of  the 
selective"'  radiation  of  certain  metals. 
These  two  methods  are  described  in 
some  detail  in  the  papers  to  which 
reference  is  made,  so  that  it  is  un- 
necessary to  discuss  them  here.  It 
might  be  well,  however,  to  repeat 
briefly  the  assumptions  which  are 
involved  in  the  two  methods. 

If  it  is  admitted  that  of  the  power 
supplied  to  an  incandescent  filament 
mounted  in  an  exhausted  bulb,  as  in 
ordinary  commercial  lamps,  that  lost  by 
conduction  and  convection  is  small 
compared  with  that  radiated,^  the 
two  photometric  methods  give  positive 
qualitative  criteria  of  the  relative 
selectivity  of  the  radiation  from  the 
various  filaments  investigated.  Thus, 
suppose  two  filaments  operated  at 
such  voltages  that  the  ratio  of  the 
energy  radiated  in  some  wave-length 
in  the  red  end  of  the  visible  spectrum 
to  that  radiated  in  some  wave-length 
in  the  blue  end  of  the  spectrum  is  the 
same  for  both.  If  under  this  condition 
the  two  filaments  show  quite  different 
lumens  per  watt,  it  must  follow  that 

1  Traiu.  I.E.S.,  Vol.  4,  p.  334  190!).  See  also 
Elcc.  World,  Vol.  53.  p.  439  1909;  Phys.  Rev., 
Vol.  27,  p.  521,  1908:  Ilium.  Eng.  (London), 
Vol.  2,  pp.  241-335,  1909. 

2  Throughout  this  paper  the  term  "selective 
radiation"  is  used  to  signify  merely  a  different 
distribution  of  energy  from  that  radiated  by  a 
"black  body"  at  the  same  temperature.  The 
term  is  not  used  in  this  paper  to  imply  pro- 
nounced bright  lines  or  bands  in  the  spectrum, 
as  is  frequently  understood. 

'i'his  conclusion  has  been  corroborated  by 
Drysdale  (see  London  Ilium.  Eng.,  Vol.  1..  pp.  27 
ej  w,<i.,  19()H),  and  Fery  &  Cheneveau  (see  Hull,  da 
la  SonirjA  Internal,  des  Elecfriciem,  Series  2, 
Vol.  9,  p.  (i5r),  1!)09),  while  I^ux  (See  I^ondon 
Ilium.  Eng.  Vol.  1,  p.  98,  1908),  has  found  (|uite 
apprec'abie  dilferer)ces  between  the  energy  in- 
put and  that  radiated. 


the  partition  of  energy  in  the  complete 
spectra  of  the  two  is  different,  and 
hence  one  radiates  selectively  with 
respect  to  the  other.  This  is  a  neces- 
sary conclusion  irrespective  of  any  other 
knowledge  whatever  regarding  the 
properties  of  either  substance,  either 
in  the  visible  or  in  the  infra-red  region  of 
the  spectrum. 

Should  the  two  filaments  under  the 
given  condition  have  the  same  lumens 
per  watt,  it  is  probable  (particularly  for 
carbon  and  the  metals  studied),  though 
not  necessary  that  the  two  infra-red 
energy  curves  should  agree  throughout. 
In  other  words.  If  the  lumens  per  watt 
are  found  to  be  the  same  there  may 
or  may  not  be  relative  selectivity, 
though  for  the  substances  studied  the 
latter  alternative  is  more  probable  ;  if 
the  lumens  per  watt  are  found  to  be 
different  there  is  without  question 
relative  selectivity. 

The  quantitative  measurement  of 
the  selectivity  rests  on  the  assumption 
that  if  two  metals,  when  at  the  same 
relative  distribution  of  energy  for  two 
wave-lengths  in  the  visible  spectrum, 
show  diSerent  lumens  per  watt,  the 
filament  having  the  lower  lumens 
per  watt  is  at  the  higher  temperature. 
This  is  probable  from  what  is  known 
regarding  the  reflective  power  and  other 
properties  of  metals.  On  the  basis 
of  the  assumption  the  numerical  differ- 
ences between  the  lumens  per  watt  of 
the  various  filaments  indicate  in  every 
case  the  minimum  value  of  the  differ- 
ence in  efficiency  due  to  selectivity. 

In  the  former  discussions  of  these 
methods  the  condition  of  comparison 
of  the  various  filaments  has  been 
stated  as  being  a  "  colour  match,"  or  the 
same  distribution  of  energy  in  the  visible 
spectrum  as  determined  with  a  spectro- 
photometer. As  a  matter  of  fact, 
when  the  relative  emissivities  at  two 
wave-lengths  not  too  near  the  extremes 
of  the  visible  spectrum  arc  the  same  for 
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any  two  of  the  various  filaments 
studied,  observations  with  the  spectro- 
photometer show  that  over  the  entire 
range  of  the  spectrum  within  the  two 
given  wave-lengths,  the  distribution 
of  energy  is  the  same  for  the  two  fila- 
ments to  within  less  than  2  per  cent., 
perhaps  less  than  1  per  cent.  More- 
over, the  integral  colours,  as  seen  in  an 
ordinary  Lummer-Brodhun  contrast 
photometer  are  closely  the  same. 
Osmium  alone  seems  to  differ  enough 
to  be  noticeable,  and  the  corresponding 
spectro  -  photometric  measurements 
show  the  slightest  evidence  of  a  relative 
depression  in  the  middle  of  the  visible 
spectrum,  making  the  integral  colour 
slightl}^  purplish  compared  with  carbon. 

As  the  measurements  of  relative 
energy  in  the  spectra  of  carbon  and 
tungsten,  for  example,  are  carried  out 
into  the  deep  red,  and  infra-red,  as 
with  a  bolometer,  the  relative  distribu- 
tion must  gradually  become  different 
since  the  lumens  per  watt  under  the 
given  conditions  are  much  greater  for 
tungsten  than  for  carbon.  It  is  diffi- 
cult to  understand,  however,  how  two 
filaments  could  show  markedly  different 
relative  distributions  of  energy  well 
within  the  visible  spectrum,  and  still 
be  at  a  colour  match,  as  was  recently 
found  by  Coblentz*. 

In  the  previous  paper,  on  the  basis 
of  the  assumption  stated  above,  numeri- 
cal data  were  given  of  the  relative 
selectivity  of  carbon  (as  it  occurs  in  the 
various  types  of  commercial  carbon 
lamps),  tantalum,  tungsten,  and 
osmium.  Since  then  it  has  been 
possible  through  the  use  of  very  special 
lamps  made  of  platinum  wire  to  deter- 
mine the  position  of  platinum  in  the 
series  mentioned  above.  The  results 
obtained  with  platinum,  together  with 
the  values  found  for  the  Lummer-Kurl- 
baum  electrically  heated  "  black  body," 
which  heA  been  studied  previously,  are 
of  considefable  interest  because  the 
"  black  body  "  and  platinum  have  con- 
stituted the  two  reference  points  for 
much  of  the  published  data  on  the 
radiating  properties  of  various  sub- 
stances. 


4  Bureau  of  Standards  Bulletin,  vol.  6,  No.  3, 
p.  301,  1910. 


It  was  not  feasible  at  the  time  to 
determine  the  lumens  per  watt  of  the 
"  black  body,"  so  that  the  results  on 
the  "  black  body  "  were  obtained  solely 
by  the  other  method,  viz.,  that  of 
measuring  the  ratio  of  the  change  in 
candle-power  to  that  in  watts  when  the 
"  black  body  "  was  operated  at  such 
a  temperature  that  its  radiation 
matched  in  colour  that  from  the 
standard  lamp  at  the  chosen  voltage. 
The  results  found  for  the  "  black  body  " 
place  it  at  the  head  of  the  list,  all  the 
filaments  showing  selectivity  in  different 
degrees,  but  in  the  same  direction, 
viz.,  in  favour  of  the  shorter  wave- 
lengths. Untreated  carbon  comes 
nearest  to  the  "  black  body,"  but  there 
is  indication  of  a  very  small  selectivity 
even  for  that. 

The  measurements  on  the  "  black 
body  "  which  were  carried  out  two  years 
ago  were  made  possible  through  the 
courtesy  of  Drs.  Waidner,  Burgess 
and  Coblentz,  of  the  Bureau  of  Stand- 
ards, who  kindly  placed  two  different 
electrically  heated  "  black  bodies  "  at 
the  disposal  of  the  author. 

Platinum  was  studied  by  both  of  the 
photometric  methods,  and  at  two 
different  temperatures.  The  results  in 
every  case  indicated  that  its  position 
in  the  series  lies  between  the  carbons 
on  the  one  side,  and  tantalum  on  the 
other.  In  other  words,  it  is  more  selec- 
tive than  carbon  in  any  of  its  forms, 
but  not  as  selective  as  tantalum, 
tungsten  or  osmium,  which  lie  in  the 
order  named,  osmium  being  much  more 
selective  than  tantalum. 

The  results  obtained  for  platinum  are 
of  especial  interest  because  platinum 
has  commonly  been  considered  as 
deviating  farthest  from  "  black  body  " 
radiation.  As  has  been  pointed  out 
several  times,  this  deviation  may  arise 
eitlier  from  a  low  emissivity  through- 
out the  spectrum  or  from  a  pronounced 
selectivity,  or  from  a  combination  of 
these.  It  is  quite  possible  that  plati- 
num may  deviate  farthest,  when  both 
emissivity  and  selectivity  are  con- 
sidered, but  from  the  standpoint  of 
selectivity  alone,  which  determines  the 
photometric  efficiency,  all  three  of  the 
metals,  tantalum,  tungsten,  and  osmium 
are  more  selective,  judged  by  the  photo- 
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metric  criteria,  and  making  the  assump- 
tion stated  in  an  earlier  paragraph. 
On  the  basis  of  the  same  assumption, 
Henning'  recently  deduced  lower 
limiting  values  of  the  emissivity  for 
various  metals.  He  found  as  the  lower 
limit  for  platinum  0-17,  for  tantalum 
0'27,  for  tungsten  0'40,  and  for  osmium 
0*62.  Thus,  platinum  probably  has 
a  lower  emissivity  than  tantalum 
tungsten,  or  osmium,  all  of  which 
in  turn  are  more  selective  than  platinum. 
These  lower  limiting  values  for  the 
emissivity  of  the  various  metals,  tanta- 
lum, tungsten  and  osmium,  can  be 
obtained  roughly  from  the  red  "  black 
body  "  temperatures  at  colour  match, 
as  pointed  out  in  the  previous  paper'' 
by  Cady,  Middlekauff  and  the  author. 

The  apparently  independent  varia- 
tion in  the  two  variables,  emissivity 
and  selectivity,  emphasizes  the  signifi- 
cance in  the  study  of  selectivity  of 
making  the  basis  of  comparison  the 
same  relative  emissivity  at  two  wave- 
lengths for  the  various  filaments  rather 

5  Zs.  fur  Instrk.,  vol.  .SO.  p.  74,  1910. 

6  Loc.  cit.,  Trans.  I.KS.,  p.  351. 

(To  he  c 


than  the  same  actual  emissivity  at 
some  one  wave-length.  Thus  when 
tungsten  and  treated  carbon,  for  ex- 
ample, are  at  such  temperatures  as  to 
have  the  same  relative  emissivity  at 
say  A  =  0*66  /x  and  X  =  0*5  /x  (which 
amounts  to  a  colour  match),  the 
tungsten  shows  a  value  of  lumens  per 
watt  from  20  to  40  per  cent,  higher  than 
that  of  treated  carbon,  the  amount  of 
the  difference  depending  upon  the 
absolute  temperature  at  which  the 
comparison  is  made.  If  on  the  other 
hand  tungsten  and  carbon  are  at  such 
temperatures  as  to  have  the  same 
absolute  emissivity  at  A  =  0*  66  /x  experi- 
ment shows  that  the  difference  in 
lumens  per  watt  between  the  tungsten 
and  the  carbon  is  approximately  twice 
that  at  colour  match.  Therefore,  of  the 
difference  in  lumens  per  watt  between 
tungsten  and  carbon  when  operated  at 
such  temperatures  that  the  energy 
emitted  at  A  0*66  /x  is  the  same  for  the 
two,  approximately  one-half  is  due 
merely  to  the  different  emissivities 
of  the  two  substances,  the  remaining 
half  being  due  to  selectivity. 

ntinuecl.) 


The  Intrinsic  Brilliancy  of  Walls  and  Ceilings. 


We  are  accustomed  to  figures  com- 
paring the  intrinsic  brilliancy  of  various 
illuminants.  Dr.  Stockhausen,  for  ex- 
ample, {Illuminating  Engineer,  London, 
February,  1910,  p.  113),  has  stated 
that  the  intrinsic  brilliancy  of  the 
candle  is  about  3  c.-p.  per  square 
inch,  that  of  the  incandescent 
mantle  25-30  c.-p.  per  square  inch, 
and  that  of  the  metallic  filament 
lamp  near  1,000  c.-p.  per  square  inch. 
Various  authorities,  as  a  result  of  a 
study  of  the  brightness  of  the  sky  and 
other  considerations,  have  named 
2' 5  c.-p.  per  square  inch  as  about  the 
maximum  absolute  permissible  intrinsic 
brilliancy  of  sources  used  in  interiors. 

There  have  hitherto  not  been  many 
figures  available  for  the  intrinsic 
brilliancy  of  the  illuminated  surfaces 
usually  met  with  in  interiors,  but  Dr. 


C.  H.  Sharp  and  Mr.  P.  S.  Millar,  in  a 

paper  before  the  Illuminating  Engineer- 
ing Society  in  the  United  States  on 
May  12th  of  this  year  gave  some  results 
on  this  point.  As  a  mean  value  for  the. 
brightness  of  the  ceilings  and  walls  in 
the  interior  studied  they  give  0'003  c.-p. 
per  square  inch.  As  these  are  the  kind 
of  illuminated  surfaces  which  serve  as  a 
background  to  the  eye  under  normal 
conditions  the  figure  should  be  useful 
as  a  guide  to  the  safe  intrinsic  brilliancy 
of  sources.  Thus,  assuming  Prof.  L. 
Weber's  recommendation  that  the  con- 
trast between  the  brightness  of  a 
source  and  its  surourndings  should  not 
exceed  100  to  1,  we  find  that  the 
intrinsic  brilliancy  of  the  source  itself 
should  not  exceed  0*003  X  100,  i.e.,  0'3 
c.-p.  per  square  inch — a  somewhat 
lower  figure  than  that  mentioned  above. 
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Short  Notes  on  Illuminating  Engineering. 


From  all  Sources. 


The  Local  Government  Board  and 
Illumination. 

As  has  several  times  been  suggested  in 
these  columns,  it  is  desirable,  if  the 
Local  Government  Board  really  means 
to  supervise  local  lighting  conditions, 
that  its  opinions  should  be  backed  by 
technical  expert  assistance  which  in- 
spires respect,  and  that  its  impartiality 
and  unbiassed  attitude  should  be 
generally  recognized.  A  central 
authority  having  these  qualifications 
could  often  render  considerable  service 
by  acting  as  arbitrators  in  cases  of  dis- 
pute, collecting  information,  and,  when 
desired,  giving  advice  on  public  lighting. 

Meantime  it  is  to  be  noted  that 
dissatisfaction  with  the  present  arrange- 
ments is  expressed  in  various  quarters. 
In  Electrical  Industries  and  Invest- 
ments (May  18th,  1910)  reference  is 
made  to  Mr.  Ross  Hooper's  inquiry  at 
Grimsby  when  he  is  reported  to  have 
remarked  : —  "  . .  The  gas  lighting 
seems  to  be  very  fair  in  Grimsby.  I 
have  been  through  many  streets  at 
night."  In  this  connexion  the  journal 
adds  "  So  far  as  we  know,  Local  Govern- 
ment Board  Inspectors  are  not  fitted 
with  photometric  eyes  and  the  im- 
pressions gathered  by  them  in  nocturnal 
rambles  are  hardly  evidence." 


Good  Gas  and  Good  Service. 

If  good  gas  be  the  corner  stone  of  a 
gas  company's  success,  then  good 
service  must  be  the  keystone,  and  there- 
fore no  efforts  should  be  spared  to 
please  every  consumer  as  far  as  possible. 
Liberality  pays  in  commercial  business, 
why  not  in  gas  ? — Light,  May,  1910. 


The  Opportunities  for  the 
Contractor  and  the  Illuminating 
Engineer. 

The  illuminating  engineer,  then,  has 
his  justification  as  far  as  we  are  con- 
cerned ;  indeed,  judging  from  the 
illuminating  effects  obtained  in  many 
public  and  other  buildings  to-day,  he  or 
somebody  filling  a  similar  role  is 
essential ....  We  hear  a  lot  about  the 
"  Satisfied  Consumer  "  to-day.  Then 
let  us  see  that  he  is  satisfied.  Let  the 
contractor  look  to  it,  the  illuminating 
engineer  scheme  for  it,  the  central 
station  engineer  and  the  lamp-maker 
work  for  it  too. — Elec.  Review,  April  1st, 
1910. 


The  Eyesight  of  School  Children. 

That  the  vision  of  "  leavers  "  has  been 
found  to  be  worse  than  that  of 
"  entrants  "  indicates  that  school  life 
has  a  detrimental  effect  on  eyesight,  but 
the  question  of  prevention  involves 
many  considerations.  The  chief  causes 
of  short  sight,  so  far  as  school  life  is 
concerned,  have  been  clearly  described 
by  Dr.  J.  Wheatley  in  his  first  report 
to  the  Shropshire  Education  Com- 
mittee as  follows  : — 

1.  Insufficient  or  improper  lighting 
of  the  schoolroom. 

2.  The  construction  of  the  desks. 

3.  The  books  used — type  and  paper. 

4.  The  attitude  of  the  children  when 
occupied  in  near  work. 

5.  The  length  of  time  -the  children 
are  kept  at  near  work  ;  both  the  gross 
time  per  day  and  the  time  ^\ithout  a 
break. 

6.  The  age  at  which  near  work  is 
begun.— T^ie  Medical  Officer,  May  28th. 
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Testing  the  Steadiness  of  Sources 
of  Light. 

Although  frequent  reference  is  made 
to  the  "  steadiness  "  of  this  or  the  other 
source  of  hght,  comparisons  must 
always  remain  a  matter  of  conjecture 
unless  we  have  some  means  of  actual 
testing  the  variation  in  candle-power. 

In  this  connexion  some  experiments 
of  E.  Presser  {E.  T.  Z.,  February  24th, 
1910)  are  of  interest.  This  investigator 
has  pointed  out  that  although  the 
selenium  eel]  is  too  uncertain  in  action 
to  be  used  for  absolute  light  measure- 
ments, it  can,  nevertheless,  be  effec- 
tually applied  for  comparative  measure- 
ments of  the  light  from  one  and  the 
same  source.  Some  "  physical "  test 
of  this  kind  would  seem  to  be  needed, 
for  the  light  from  some  lamps  fluctuates 
so  rapidly  that  it  would  be  difficult  to 
obtain  a  photometric  measurement 
before  the  conditions  had  changed. 

In  Presser's  method  the  changes  in 
resistance  of  a  selenium  cell,  due  to 
fluctuations  in  the  light  impinging 
upon  it,  are  recorded  on  a  moving 
drum,  and  the  behaviour  of  different 
kinds  of  arc -lamps  and  gas -lamps 
can  be  readily  compared  in  this  way. 
It  appears  that  selenium  cells  have  in  the 
past  also  been  applied  to  study 
variations  in  daylight,  solar  eclipses,  &c. 


Reputation  and  Fixture  Design. 

There  is  not  in  the  entire  fixture  trade 
to-day  a  single  designer  of  popular 
repute .... 

This  unfortunate  condition  in  fixture 
manufacture  is  not  wholly,  nor  perhaps 
largely,  dae  to  the  fact  that  there  are  no 
designers  of  real  power  and  originality. 
A  greater  cause  is  the  failure  of  the 
manufacturer  to  recognize  the  import- 
ance of  personality.  No  matter  how 
expensive  or  elaborate  the  fixture,  or 
how  important  the  building  for  which 
it  is  made,  it  goes  out  like  a  waif  and  a 
foundling,  without  bearing  the  slightest 
mark  or  trace  of  its  parentage.  It 
is  not  stamped  with  the  personality 
of  an  individual,  but  is  simply  the  un- 
named product  of  a  factory.  Is  it  any 
wonder  that  the  fear  of  imitation 
terrorizes  the  entire  guild  of  fixture 
makers  ? . .  . . 

A  book  publisher  advertises  the  name 
of  the  illustrator  and  author  ;  often- 
times a  considerable  part  of  the  value 
depending  upon  the  reputation  of  the 
former.  Why  should  not  the  value  of 
a  fixture  depend  at  least  as  much  upon 
the  name  of  its  designer  ? — The  Illu- 
minating Engineer  (New  York),  June, 
1910. 


A  Zeppelin  Airship  Fixture. 

By  An  Engineering  Correspondent. 

Some  time  ago  a  third  son  was  born  to  Zeppelin,  being  one  of  the  godfathers 
the    German    Crown    Prince.    Count     on  this  occasion,  conceived  the  happy 

idea  of  presenting  a  miniature  airship, 
in  the  form  of  a 
lighting  fixture,  to  the 
I  baby  prince.  The  nature 
of  the  model  is  shown  in 
the  accompanying  illustra- 
tion. There  are  two  incan- 
descent lamps  inside  the 
body  and  two  others 
within  the  cars,  which  are 
made  of  crystal  glass. 
The  over-all  length  is 
I  one  metre  and  is  sus- 
j  pended  on  chains  which 
also  servo  to  conduct  the 
current. 
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The  Lighting  of  the  Old  South  Kensington  Museum. 

(By  an  Engineering  Correspondent.) 


Having  considered  the  electric  lighting 
of  a  number  of  typical  galleries  in  the 
new  portion  of  the  Victoria  and  Albert 
Museum  in  the  May  issue  of  this  journal, 
we  will  now  proceed  to  examine  some  of 
those  in  the  older  section,  many  of  the 
galleries  of  which  are  dove-tailed  into 
the  newly  built  courts  so  that  a 
stranger  is  not  always  conscious  of 
the  spot  at  which  he  crosses  the 
dividing  line. 

The  conditions  to  be  met  and  the 
nature  of  the  objects  to  be  lighted  are 
very  similar  in  the  two  cases,  but  the 
difficulties  encountered  in  the  design- 
ing of  the  installation  are  widely 
different.  In  the  former  case  it  has 
been  possible  to  lay  out  a  large  scheme 
as  a  whole,  to  take  advantage  of  every 
modem  improvement  in  lamps  and 
other  apparatus  and  to  act  on  the 
experience  of  more  than  a  generation 
of  electrical  engineers.  How  far  the 
result  has  been  successful,  hampered 
as  it  has  been  by  the  human  administra- 
tive machinery  which  produced  it,  and 
how  much  the  illuminating  engineer  has 
still  to  teach  the  engineering  world,  we 
have  already  seen. 

In  the  older  buildings  the  problem 
was  very  different.  The  difficulties  were 
the  difficulties  of  pioneers,  the  work  had 
to  be  undertaken  piecemeal,  each  section 
an  experiment,  each  experiment 
cramped  by  crude  and  expensive 
materials. 

The  early  stages  were  entered  on  more 
than  30  years  ago  under  the  control  of 
the  Royal  Engineers.  Later  on  the 
museum  officials  under  the  Board  of 
Education  took  charge  and  last  year 
the  responsibility  passed  on  to  the 
Engineering  Division  of  H.M.  Office 
of  Works.  In  that  time  much  has  been 
done,  much  has  been,  and  is  being, 
altered  and  re -altered,  and  very  much 
remains  to  be  done  still.  The  collections 
have  been  arranged  and  re-arranged  : 
metal-work  has  replaced  sculpture,  lace- 


work  has  followed  metal,  pictures  have 
supplanted  porcelain — especially  in  the 
transporting  of  so  much  of  the  collec- 
tion to  the  new  galleries  But  the 
lighting  has  lagged  far  behind  :  always 
improving  certainly  but  very  slowly. 
Many  of  the  troubles  encountered  in 
the  early  days  were  in  electrical 
details  such  as  do  not  greatly 
concern  us  now,  although  doubtless 
they  retarded  progress  considerably 
at  the  time.  The  result  of  lack  of 
continuity  in  both,  plans  and  personali- 
ties and  the  spasmodic  manner  in 
which  the  work  has  been  carried  out, 
has  resulted,  as  might  be  expected,  in  a 
patchwork  of  very  varied  styles. 

After  these  prefatory  remarks  let  us 
enter  the  building  from  the  Exhibition 
Road  door,  and,  passing  down  the  steps 
and  through  an  arc  lighted  gallery  of  the 
new  building,  turn  to  the  right  into  the 
West  Court  (41).  Until  about  two 
years  ago  this  was  the  room  used  as  the 
Science  Library  which  was  afterwards 
transferred  to  the  New  Royal  College  of 
Science  across  the  road.  A  large 
amount  of  builder's  work  and  re- 
decoration  had  to  be  done  at  the  time 
of  this  alteration,  and  it  is  surprising 
that  such  an  opportunity  of  re-organiz- 
ing the  lighting  arrangements  was  not 
taken  advantage  of.  The  need  for  this 
is  strikingly  evident  owing  to  the  court 
being  bounded  on  one  side  by  the 
well-lighted  new  Octagon  Court  and  on 
the  other  by  the  glaring  West  Central 
one. 

The  size  of  the  court  is  93  ft.  by  50  ft., 
and  the  lamps  are  eight  very  ancient  10- 
ampere  open-type  arcs,  four  in  series 
on  200  volts.  This  gives  the  low  con- 
sumption of  0*86  watt  per  square  foot 
of  floor-space  and,  to  make  matters 
worse,  the  lamps  have  large  bottom- 
carbon  holders  which  obstruct  much  of 
the  light.  Wlien  it  is  added  that  the 
lamps  are  28  ft.  from  the  floor  the 
general  gloomy  appearance  of  the  court 
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will  be  readily  understood.  The  objects  years  was  the  usual  entrance  to  the 
themselves  are  not  calculated  to  relieve  museum.  At  that  time  the  lighting 
this  as  the  w^alls  are  covered  with  heavy  was  of  a  heterogeneous  character  in- 
Persian  rugs  and  carpets  and  the  centre  eluding  small  arc  lamps,  carbon  incan- 
cases  are  filled  with  dark,  Japanese  descents,  tantalums  and  Nernst.  In 
lacquered  articles.  About  22  ft.  from  rearranging  this  space  for  iron-work  the 
the  floor  there  is  a  balcony  round  this  lighting  has  also  been  put  in  order,  with 
court,  A\ith  Alfred  Steven's  sketches  and  very  good  results.  The  length  of  this 
some  Japanese  paintings  on  the  walls,  section  (Galleries  22,  23,  and  24)  is 
and  this  is  the  only  well-lighted  portion  230  ft.,  and  the  width  about  34  ft. 
of  the  gallery,  and  it  may  even  be  The  new  arrangement  of  lighting  is  by 
that  it  is  on  account  of  it  that  the  28  pendants  in  a  double  row,  each 
lamps  are  not  lowered.  pendant  a  6-light  ball  of  tantalums 
Coming  back  down  the  steps  from  at  a  height  of  14  ft.  The  exhibits  are 
this  court  we  are  faced  by  four  small  principally  iron  gates,  scroll  work,  &c., 
galleries  containing  Persian  and  Sara-  which  do  not  demand  any  niceties  of 
cenic  arms  and  armour  (Nos.  17  to  20)  light  and  shade,  but  an  abundant 
which  have  recently  been  relighted  by  quantity  of  illumination,  and  this  is 
means  of  bronze  fittings  similar  in  type  what  has  been  provided,  and  in  a  far 


Fig.  1— The  Old  South  Kensington  Museum  (Ground  Floor). 


to  those  employed  in  the  new  portion. 
There  are  these  differences,  however, 
that,  whereas  the  latter  have  6-28-watt, 
obscured,  metallic-filament  lamps  at 
9  ft.  from  the  ground,  the  former  have 
five  clear  ones  of  40  watts  and  hang 
14  ft.  up.  The  current  consumption  is 
rather  less  than  0*7  watt  per  square  foot 
and  a  good  light,  well  diffused,  is 
obtained  which  displays  even  such  dark 
objects  as  these  very  satisfactorily. 

Instead  of  passing  through  these 
rooms  we  will  turn  to  the  right  along  the 
gallery  which  was  formerly  devoted  to 
plaster  casts  of  statues  and  which  for 


pleasanter  way  than  in  the  arc-lighted 
continuation  of  the  gallery  which  forms 
the  portion  of  the  new  building  con- 
necting this  with  the  entrance. 

In  the  East  Court  (No.  45)  the  lighting 
of  the  tapestries  and  musical  instru- 
ments is  but  poor  although  it  is  not  so 
bad  as  that  encountered  in  the  West 
Court  as  the  arc  lamps  are  of  a  more 
modern  type  and  take  a  slightly  larger 
current.  Still,  even  so,  there  is  less 
than  1  watt  per  square  foot,  and  the 
lamps  are  again  hung  above  the  height 
of  the  balcony  round  which  are  Japanese 
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embroideries  and  reproductions  of  the 
Bayeux  tapestry. 

But  pass  on  and  walk  warily.  We 
are  entering  the  old  architectural  court, 
a  city  of  dreadful  night,  dominated  by 
the  towering  column  of  Trajan,  crowded 
with  monuments  and  ancient  masonry 
through  the  mazes  of  which  the  visitor 
is  guided  by  the  glimmer  of  an  occasional 
arc -lamp  far  up  in  the  vastness  of  the 
roof.  And  this  is  open  for  the  students 
of  earth's  richest  city  ! — ^has  been  so 
for  years.  Yet  even  in  the  dimness 
you  may  find,  here  and  there,  some 
undaunted  learner  sketching  a  cornice 
or  copying  a  moulding,  so  imperative  are 
modern  requirements  in  the  building 
WOT-Id. 

•In  all  seriousness  it  is  high  time  that 
this  state  of  affairs  should  be  attended 
to.  Here  we  have  a  large  court, 
only  one -half  of  which  is  at  present  open 
to  the  public,  but  that  half  in  itself 
is  more  than  120  ft.  long  and  60  ft. 
broad,  filled  with  immense  shadow- 
casting  objects  and  the  walls  painted 
a  dark  reddish-brown,  lighted  only  by 
twelve  10-amp.  open -type  arc -lamps 
which  are,  moreover,  hanging  33  ft. 
from  the  floor  with  nearly  30  ft.  of 
space  above  them  before  a  non-reflective 
roof  is  reached.  0*83  of  a  watt  per 
square  foot  would  be  little  enough  for 
arc  lighting  under  most  circumstances  ; 
in  conjunction  with  the  disadvantages 
just  enumerated  it  is  absurd.* 

In  the  South  Court,  a  large  court 
with  an  arched  roof  of  iron  and  glass, 
a  large  variety  of  metal  objects  from 
gold  and  silversmiths'  work  and 
jewelry  to  bronze  knockers  and  homely 
pewter  ware,  is  arranged.  The  main 
body  of  the  hall  is  in  two  sections 
divided  by  a  wide  passage  and  a 
bridge  on  the  first  floor  over  that. 
Each  of  these  sections  (38  and  39)  is 
105  ft.  long  and  50  ft.  wide,  and  is 
lighted  by  eight  10-amp.  open-type 
arc -lamps  at  24  ft.  from  the  ground. 
A  certain  amount  of  additional  light 
is  received  from  the  incandescent  lamps 
on  the  first  floor  bridge  just  mentioned 
and  which  will  be  dealt  with  later,  but, 

*  In  the  other  half  of  this  court,  visible  from 
the  first-floor  bridge,  is  a  replica  of  the  Hildesheim 
chandelier,  illustrated  in  the  Ilium.  Eng.,  April, 


as  these  lamps  are  30  ft.  up,  the  amount 
is  inconsiderable.  The  objects  are 
generally  of  small  size  and  are  placed 
in  6  ft.  cases,  which,  in  the  centre  of 
the  hall,  are  well  lighted,  with  the 
possible  exception  of  a  few  of  the  darker 
metal  statuettes.  The  cases  at  either 
end,  however,  are  entirely  unlighted 
on  the  sides  nearest  the  walls  and 
additional  lamps  are  required  to  remedy 
this.  There  are,  moreover,  small 
galleries  crossing  the  ends  of  this  court 
(Nos.  30  to  33)  which  are  destitute 
of  light  except  for  what  is  received 
from  the  arc-lamps  in  the  central 
portion,  which,  of  course,  is  only 
suflicient  for  getting  about  purposes, 
and  not  for  examining  objects.  In 
fact,  if  the  areas  of  these  cross  galleries 
are  added,  the  floor  space  served  by 
the  arcs  amounts  to  6,500  square  feet, 
bringing  down  the  watts  per  foot  from 
0'8  to  0'6.  However,  it  would  be 
fairer  to  regard  only  the  central  portion 
of  the  main  courts  as  being  hghted 
and  in  that  case  something  like  1  watt 
per  square  foot  would  be  correct. 

This  court  is  bounded  on  either  side 
by  two  parallel  20-ft.  galleries,  separated 
from  the  larger  coilrt  and  from  each 
other  by  columns,  the  two  outer  ones 
having  side  windows  and  the  inter- 
vening ones  being  lighted  by  day  partly 
from  these  windows  but  principally 
from  the  roof  of  the  South  Court. 
The  method  which  has  been  adopted 
for  treating  the  eastern  of  these 
galleries  electrically  is  by  means  of 
battens  of  3-40-watt  metallic,  or 
5-16  c.-p.  carbon  filament  lamps  over 
each  window,  making  a  row  of  lights 
about  2  or  3  ft.  apart  the  full  length 
of  the  gallery.  The  lamps  are  aided 
by  white  enamelled  "  trough  "  reflec- 
tors, set  at  a  suitable  angle  to  throw 
the  light  to  the  further  side  of  the 
gallery.  The  inner  gallery  is  lighted 
in  a  similar  manner  by  battens  fixed 
under  the  cornice  on  the  side  nearest 
the  South  Court,  i.e.,  the  side  from 
which  the  greater  part  of  the  light  is 
received  by  day.  In  galleries  34  and  35 
the  result  is  to  be  highly  commended, 
and  provides  a  good  example  of  how 
such  lighting  ought  to  be  done,  as  the 
daylight  illumination  is  maintained 
both  in  direction  and  quantity.  The 
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adjoining  smaller  gallery  No.  36  has 
been  treated  on  similar  lines,  but  is  not 
provided  mth  a  sufficient  number  of 
lamps. 

On  the  western  side  the  battens, 
instead  of  being  fixed  at  cornice  height, 
are  placed  across  the  windows,  only 
12  ft.  from  the  floor  instead  of  19  ft. 
The  objects  to  be  sho^vtt  are  medallions 
and  seals  in  desk-top  cases,  and  the 
ends  nearest  the  windows  are  very  well 
lighted  at  the  expense  of  the  farther 
ends.  With  the  battens  raised  to  a 
corresponding  height  to  those  on  the 
east,  and  possibly  increased  somewhat 


  Route  followed. 

Fig.  2. — Old  South  Kensington  Museum 
(First  Floor). 

in  candle-power,  a  more  even  effect 
might  be  obtained.  These  galleries, 
however,  unlike  those  on  the  east, 
receive  no  assistance  from  the  inner 
ones  (Nos.  28,  and  29),  which  are  not 
lighted  at  all. 

It  is  difficult  to  give  the  figures  in 
watts  consumed  per  square  foot,  owing 
to  the  numbers  of  lamps  in  the  hastens 
ranging  from  three  to  six  inclusive, 
and  to  the  varieties  of  types  employed 
comprising  ordinary  16  c.-p.  carbon 
filament    lamps,    mushroom  -  shaped, 


silver-backed  "  improved  "  glow-lamps, 
40-watt  Osrams,  and  21  c.-p.  tantalums, 
the  latt-er  sometimes  set  at  an  upward 
and  sometimes  at  a  downward  angle. 
The  general  impression  conveyed  is 
that  the  whole  arrangement  is  experi- 
mental, or  is  it  that  some  economist 
is  finishing  up  old  stock  ?  If  so,  why 
do  it  in  a  public  part  of  the  museum  ? 
There  are  surely  opportunities  enough 
in  the  sections  reserved  for  the  Circula- 
tion Departments  or  other  purposes, 
and  further,  if  economy  is  the  object, 
one  might  suggest  the  application  of 
a  hammer  in  some  cases  if  redness  is 
any  sign  of  a  lamp's  age  and  efficiency. 

The  corridor  outside  the  refreshment 
and  dining-rooms  was  formerly  lighted 
by  a  dozen  300  c-.p.  Welsbach  self- 
intensifying  gas  lamps  at  a  height  of 
18  ft.,  their  tops  being  inserted  into 
a  ventilating  shaft  to  carry  off  the 
fumes.  Although  these  still  remain  in 
position,  their  use  has  been  discontinued 
in  favour  of  a  double  row  of  eleven 
4-light  pendants  of  tantalums,  14  ft. 
from  the  ground.  The  gallery  is 
225  ft.  long  by  24  ft.  wide,  for  which 
the  provision  is  inadequate  (being  in 
fact  less  than  0*3  watt  per  square  foot), 
especially  as  the  exhibits  are  dark 
Chinese  and  Japanese  bronzes  and 
armour.  There  are  in  addition  1,000 
sq.  ft.  of  recesses  in  the  centre  section 
for  which  nothing  has  been  attempted 
at  all. 

The  large  North  Court,  which 
formerly  held  various  wooden  statues 
and  architectural  exhibits,  is  now  closed 
to  the  public  so  that  a  favourite  place 
of  assignation,  "  under  the  clock,"  is 
no  longer  available  :  there  are,  how- 
ever, numerous  other  seats-for-two 
about  the  building,  although  the  clock 
itself  has  been  transferred  to  a  position 
rather  too  exposed  to  observation  to 
suit  many  couples. 

We  will  ascend  to  the  first  floor  by  the 
staircase  at  the  south-east  corner  of 
the  South  Court.  A  little  additional 
light  has  been  provided  for  this  recently 
and  was  badly  needed.  It  is  now 
sufficient  from  the  point  of  safety, 
but  is  evidently  not  intended  to  display 
the  painted  panels  which  are  arranged 
on  the  walls.  The  particularly  dark 
staircase  at  the  north  of  the  building 
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has  now  been  closed,  but  many  will 
remember  the  white  statues  at  the  head 
of  it,  vaguely  discerned  by  day  in  the 
dim,  rehgious  light  which  penetrated 
the  stained-glass  windows,  and  which 
appeared  at  night  as  spectral  guardians 
of  the  curtained  entrance  to  the  picture 
galleries. 

We  arrive  on  the  wide  balcony  at  one 
end  of  the  South  Court,  which  is 
devoted  to  cases  of  delicate  ivory 
carvings.  Unfortunately,  no  light  has 
been  provided  for  seeing  these  at  night, 
although  sufficient  light  is  obtained 
from  the  arc-lamps  in  the  centre  of  the 
court  to  admit  of  the  gallery  being  used 
as  a  passage  way  and  even  to  give  some 
idea  of  the  large  frescoes  by  Lord 
Leighton  which  decorate  the  walls. 

The  .  lace -work  galleries  cross  this 
one  in  the  centre.  The  portion  up  the 
steps  to  the  left  is  the  bridge  which 
crosses  the  old  architectural  court  and, 
when  it  was  filled  with  ironwork  some 
two  or  three  years  ago,  was  lightless 
except  for  what  it  received  through  the 
arches  from  the  arc  lamps  in  the  latter. 
When  it  became  a  thoroughfare  on  the 
opening  of  the  new  galleries  it  was 
lighted  independently  hy  a  line  of 
100  c.-p.  obscured,  metallic-filament 
lamps,  10  ft.  from  the  floor.  These  are 
9  ft.  apart,  and  the  number  might  be 
increased  with  advantage,  as  some  of 
the  6-ft.  vertical  case  are  insufficiently 
illuminated.  A  little  might  possibly  be 
done  by  rearrangement,  as,  even  in  the 
daylight,  there  is  frequently  a  "  shady  " 
side  to  a  case. 

The  bridge  across  the  South  Court  has 
two  rows  of  clear  120-watt  metallic- 
filament  lamps  at  a  height  of  12  ft. 
Each  row  has  eight  such  pendants,  and, 
as  the  dimensions  of  the  bridge  are 
90  ft.  by  20  ft.,  more  than  a  watt  per 
square  foot  is  used.  A  brilliant  fight 
is  obtained,  as  might  be  expected,  and 
in  many  circumstances  such  an  allow- 
ance would  err  on  the  side  of  extrava- 
gance. In  this  case,  however,  there  are 
no  white  walls  to  retain  and  reflect  the 
light  as  the  open  iron -work  and  glass 
of  the  roof  extend  on  either  side.  In 
addition  the  lamps  hang  at  a  fair  height. 
It  is  from  these  pendants  that  a  little 
extra  fight  is  obtained  on  the  cases  in 


the  centre  of  the  ground  floor  of  the 
South  Court,  as  previously  mentioned. 

Turning  to  the  left,  we  reach  the 
picture  galleries.    It  has  often  been 
debated  whether  any  useful  purpose  will 
be  served  by  opening  exhibitions  of 
pictures  to  students  after  nightfall.  The 
great  body  of  opinion  in  the  art  world 
would  seem  to  be  against  it,  for  neither 
the  National  nor  Tate  Galleries  nor  the 
Wallace  Collection  are  provided  with 
any  artificial  illuminant,  and  even  the 
magnificent  collection  at  the  million- 
lamp  lighted  Franco -British  Exhibition 
of  1908  was  closed  at  sunset.  However 
that  may  be,  the  Victoria  and  Albert 
Museum  is  the  only  picture  gallery 
of  the  first  class  which  is  open  at  night 
in  London,  although  the  general  prac- 
tice in  the  provinces  is  opposed  to  that 
in  the  metropolis.    The  result  is  ample 
justification    of    this    policy    of  the 
"  open-door,"  for  advantage  is  taken 
largely  of  the  facilities  afforded  and 
students  may  be  found  any  evening 
copying  one  or  other  of  the  works  both 
in  the  arc-lighted  galleries  and  even, 
mirabile  dictu,  in  those  served  only  by 
carbon-filament  incandescents.  Whether 
they  are  able  to  do  their  work  with 
full  satisfaction  is  another  question. 
From  the  point  of  view  of  the  general 
public,  who  like  to  see  pictures  either 
from  curiosity  or  because  they  really 
enjoy  looking  at  beautiful  things  in  spite 
of  having  no  trained  artistic  knowledge 
to  guide  their  appreciation,  there  is 
little  doubt  that  a  picture  gallery  is 
little,  if  at  all,  less  interesting  because 
some  nicety  of  colouring  or  shadow 
is  omitted  by  lamp-light. 

Two  rooms  are  closed  at  present 
to  be  re-roofed.  The  next  to  these  is 
No.  91,  a  small  room  34  ft.  by  20  ft., 
lighted  by  two  3-amp.  arc-lamps. 
The  illumination  on  the  walls,  and  also 
in  the  desk-top  cases  of  Dickens'  manu 
scripts,  is  good,  but  the  upright  screens 
are  poorly  lit.  The  next  rooms  also 
have  small  arc-lamps  in  the  centre,  but 
these  are  not  used.  Instead,  a  rect- 
angular wood  frame  is  suspended  at  a 
height  of  14  ft.,  and  on  this  the  lamps 
are  fixed  at  a  do\\Tiward  and  outward 
angle  so  as  to  project  all  the  light 
possible  on  to  the  walls.  The  frame  is 
so  constructed  that  its  sides  and  ends 
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are  parallel  to,  and  8  ft.  distant  from, 
the  walls  o "  the  room.  16-c.-p.  obscured, 
carbon -filament  lamps  of  '  mushroom  ' 
shape  with  silvered  backs  are  used. 
There  are  forty-four  of  these  fixed 
round  the  frame,  eighteen  along  each 
side,  and  four  at  either  end.  The  root 
principle  of  illumination,  that  the  object 
to  be  examined  must  be  lighted,  and  not 
the  space  around  it,  has  been  acted  on, 
and  the  result  is  good,  although  possibly 
some  economist  may  complain,  in  these 
days  of  metallic -filament  lamps,  that 
the  current  consumption  for  a  room  only 
50  ft.  by  25  ft.  is  unnecessarily  high. 
This  looni  is  typical  of  four  or  five  in 
which  the  light  is  concentrated  on  the 
walls  at  the  expense  of  the  centre  area  : 
unfortunately  this  area  usually  con- 
tains screens  of  pictures  which  are 
consequently  in  the  shade. 

In  Gallery  94  the  famous  Raphael 
cartoons,  lent  by  the  King,  are  housed. 
Special  glass  to  absorb  the  more  harmful 
of  the  rays  of  light  during  the  day  has 
been  used  in  the  sky -light  of  this  room. 
At  night  five  large  open-type  arc-lamps 
are  used,  and  the  result  is  about  equal 
to  the  day  effect. 

The  four  eastern  rooms,  96  to  99,  are 
each  45  ft.  by  28  ft.,  and  are  lighted 
by  two  open-type  10-amp.  arcs,  22  ft. 
from  the  floor.  The  pictures  on  the 
walls  are  well  shown,  but  the  screens 
are  in  shadow  here  also,  as  is  inevitable 
with  lighting  points  in  the  centre-line 
only  of  the  gallery,  but  this  is  also  the 
case  to  some  extent  by  day.  There  is  at 
times  a  very  annoying  unsteadiness  of 
the  arcs. 

Finally,  we  reach  the  galleries  of  the 
Jones  Collection,  which,  a  year  or  two 


ago,  were  considered  the  best  flighted 
portion  of  the  Museum.  Since  the 
opening  of  the  new  galleries  and  altera- 
tions to  parts  of  the  old  section  that 
opinion  must  be  considerably  modified. 
The  collection  is  arranged  in  two 
parallel  communicating  galleries,  each 
105  ft.  by  20  ft.,  and  lighted  by  two 
rows  of  eight  5-hght  ball  pendants  in 
which  16-c.-p.  lamps  are  used  at  a 
height  of  13  ft.  This  gives  a  con- 
sumption of  2J  watts  per  square  foot, 
which  should  be  ample.  In  the  western 
gallery  (101-2-3),  which  is  filled  with 
pictures  and  porcelain,  all  above  the 
4  ft.  line,  the  illumination  is  sufficient, 
although  it  might  be  improved  by 
sHghtly  lowering  the  lamps,  and,  if  these 
are  provided  exclusively  for  displaying 
the  objects,  this  ought  to  be  done.  It  is 
possible,  however,  that  it  is  intended 
to  show  the  artistic  decorations  of  the 
rooms  as  well  as  their  contents,  and, 
if  this  is  the  case,  a  little  additional 
lighting  is  desirable. 

In  the  eastern  gallery  (104-5-6),  the 
exhibits  are  principally  furniture, 
cabinets,  &c.,  which  extend  to  as  low 
as  a  foot  from  the  floor,  and  are  rather 
crowded  together.  The  lower  parts  of 
these  are  very  poorly  lighted,  and  the 
pendants  should  certainly  be  dropped 
considerably  and  the  candle-power  in- 
creased somewhat.  The  effect  is  cer- 
tainly much  inferior  to  that  of  the  day- 
light through  the  glass  roof. 

Bearing  in  mind  the  excuses  which 
may  be  urged  for  defects  and  remem- 
bering the  alterations  which  have  been 
recently,  and  are  still  being,  carried  out, 
we  can  hope  that,  like  London,  the 
museum  will  be  "a  foine  place  when 
it 's  finished." 


The  Institution  of  1 

Joint  Summer 

We  note  that,  as  previously  announced, 
a  joint  moetinji^  of  the  American  Society 
of  Mechanical  Engineers  and  the  Institu- 
tion of  Mechanical  Engineers  (British)  is 
to  })o  Jiold  in  the  summer  of  this  year. 

Tlie  proccK^dings  will  open  on  Tuesday, 
July  26th,  witli  tho  roce])tion  of  the 
])rcsi  dents  of  the  ros})octive  societies 
hy  tho  Lord  Mayor  of  J  Birmingham,  and 
a  programme  of  papers,  visits,  and  social 
events,  has  been  arranged  for  this  and 


Mechanical  Engineers. 

Meeting,  1910. 

the  two  succeeding  days.  Subsequently 
the  members  of  the  American  Society 
will  be  entertained  in  London.  The 
Conversazione  is  to  take  place  on  Thurs- 
day, July  28th,  and  the  Institution 
Dinner  on  July  29th. 

Further  particulars  can  be  obtained 
from  the  Secretary  of  the  Institution  of 
Mechanical  Engineers,  Storey's  Gate,  St. 
James's  Park,  London,  S.W. 


THE   ILLUMINATING  ENGINEER. 


461 


Notes  on  the  Testing  of  Incandescent  Mantles,  Electric 
Glowlamps,  and  Arclamps,  &c. 

By  an  Engineering  Correspondent. 

(The  following  notes  are  taken  from  a  revised  copy  of  a  paper  which  secured  the  "  Durham  Bursary  "  for  1909-1910, 
and  are  published  by  the  kind  permission  of  the  Junior  Ihstitute  of  Engineers.  The  paper  in  question  also 
contains  a  summary  of  the  principles  of  light-production,  historical  notes  on  the  development  of  different  methods 
of  lighting,  and  a  discussion  of  photometers,  &c.,  which,  however,  will  be  familiar  to  readers  of  this  journal  from 
previous  articles  on  these  subjects.  It  is  interesting  to  note  that  a  paper  devoted  to  the  discussion  of  Illumination 
as  a  whole  should  have  been  awarded  the  Bursary  referred  to,  and  this  may  be  regarded  as  one  more  instance  of 
the  growing  desire  to  stimulate  investigations  on  all  matters  connected  with  illuminating  engineering.) 

The  intensity  of  the  light  of  a  source  position  during  all  measurements.  Fig.  1 


can  be  expressed  in  several  ways,  the 
method  of  measurement  greatly  depend- 
ing upon  its  nature  and  use.  In  many 
cases,  owing  to  ignorance  as  to  the 
form  of  light  distribution  from  a  source, 
electric  lamps,  gas  mantles,  &c.,  are 
wrongly  situated  for  tjie  purpose  re- 
quired. As  the  result,  more  power 
is  needed  to  produce  a  given  illumina- 
tion, with  consequent  extra  expense. 

The  measurements  usually  taken  of 
ordinary  sources  of  gas  or  electric  light 
are  : — 

{a)  Mean  Spherical  Intensity. 

(b)  Mean  Hemi -spherical  Intensity. 

(c)  Mean  Horizontal  Intensity. 

Measurement  of  Light  in  a  Single 
Direction  only. 

In  some  cases,  such  as  limelight,  in 
which  the  candle-power  in  the  direction 
of  the  greatest  intensity  is  mainly  re- 
quired, the  candle-power  is  usually  de- 
termined in  that  direction  only,  and 
the  pressure  of  gas  varied  so  as  to 
obtain  the  most  economic  conditions. 

The  following  table  gives  a  series  of 
tests  with  limelight,  using  an  oxy- 
acetylene  flame,  from  which  it  will  be 
seen  that  very  high  candle-powers  can 
be  obtained. 


Generator  used. 

Jet  used. 

Oxygen 
Pressure, 
lbs.  per 
sq.  in. 

Candle- 
power 
obtained. 

Low  Pressure 

No.  1 

10 

1230 

15 

2150 

20 

2440 

No.  2 

15 

2790 

Higher  Pressure 

15 

2280 

Smaller  Orifice 

10 

1360 

15 

2010 

20 

2440 

Larger  Orifice 

15 

2150 

20 

2520 

Polar  Curves  of  Light  Distribution. 

To  determine  the  mean  spherical  or 
hemi -spherical  intensity  of  a  gas  mantle, 
a  radial  photometer  is  required,  as  the 
burner  must  be  held   in   a  vertical 


shows  the  polar  curves  of  both  the 
upright  and  inverted  type  of  mantle, 
from  which  it  will  be  seen  the  advantage 
the  inverted  mantle  possesses  as  regards 
light  distribution  ;  both  mantles  have 
approximately  the  same  consumption. 

Electric  glow-lamps  are  usually  most 
convenient  for  making  photometric 
tests,  since  they  are  easily  fixed  to  the 
photometer  bench  by  means  of  an 
ordinary  holder,  and  can  be  turned  into 
any  position. 

Figs.  2,  3,  and  4  show  the  polar  curves 
of  different  lamps,  from  which  the 
spherical  or  hemi-spherical  intensity 
can  easily  be  determined  by  the  usual 
process  of  projection. 

Life  Tests. 

Life  tests  on  electric  lamps  andjgas 
mantles  approximately  determine  the 
period  for  which  they  can  be  used 
efficiently,  but  the  usual  .  conditions 
under  which  life  tests  are  made  differ 
considerably  from  those  experienced  in 
practice,  and  the  life  of  a  gas  mantle, 
or  of  a  metal  filament  lamp,  before 
losing  its  efficiency  in  candle-power, 
is  often  terminated  by  breakage. 

The  following  figures  have  been 
supplied  by  the  Gas,  Light  &  Coke 
Co.  of  tests  made  16th  June,  1909, 
at  their  laboratories  :— 

Mantles  from  Stock  after  Burning 
24  hours. 


Descrip- 
tion. 

Pressure 
in  inches. 

Consumption 
per  hour 
(cub.  feet). 

Illumina- 
ting 
power. 

Candles 
per 
(cub.  foot). 

A 

17/10 

3-95 

78-6 

19-9 

B 

78-6 

19-9 

C 

17/10 

3-95 

78-6 

19-4 

D 

)j 

E 

4^0 

77-6 

19-4 

F 

20/10 

5-35 

1130 

2M 

G 

5-25 

110-0 

20-9 

Average 

20-0 

(To  he  continued.) 
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Fig.  1. — A.  Upright  Incandescent  Gas  Burner. 

Mean  Hemispherical  Candle  Power=37. 

B.  Inverted  Incandescent  Gas  Burner. 

Mean  Hemispherical  Candle  Power=68. 


•O  o  10 


Fig.  2.— Tantalum  Lamp. 
100  volts,  O'ii  ami)eres.    Mean  Hcmigpherical  Candle  rower=ll  8. 


TESTING  OF  INCANDESCENT  MANTLES,  &c. 


Fig.  4.— Osram  Lamp. 

50  volts,  0*36  amperes.   Mean  Hemispherical  Candle  Power=9. 
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The  Illumination  of  Interiors. 

(A  series  of  tl.ree  lectures  delivered  by  Prof.  J.  T.  Morris,  M.I.E.E.  and  Prof.  C.  A.  M.  Smith,  B.Sc 
the  East  London  College,  on  June  8th,  15th,  and  22nd.) 


Three  lectures  on  the  above  subject 
were  delivered  at  the  East  London 
College  (University  of  London)  on 
Wednesdays,  June  8th,  15th,  and 
22nd  respectively.  The  first  two,  by 
Prof.  J.  T.  Morris,  M.I.E.E.,  dealt 
with  (1)  '  Principles  and  Dayhght 
Illumination,'  (2)  '  Artificial  Illumina- 
tion by  Gas  and  Electricity  ';  the  third, 
by  Prof.  C.  A.  M.  Smith,  B.Sc,  was 
devoted  to  '  Illumination  by  Petrol 
Air-Gas.' 

In  opening  the  first  lecture  Prof. 
Morris  remarked  upon  the  importance 
of  having  lights  situated  so  that  the 
direct  rays  could  not  enter  the  eye. 
This  was  demonstrated  by  some  simple 
but  instructive  experiments. 

After  discussing  some  of  the  incorrect 
methods  of  illumination  caused  by 
people's  lack  of  knowledge  of  the 
subject,  the  lecturer  proceeded  to  point 
out  some  interesting  facts  in  con- 
nexion with  daylight  and  its  variations. 
Observations  taken  in  the  grounds  of 
the  East  London  College  on  June  7th 
(an  average  bright  day)  showed  that 
at  1.30  P.M.  the  intensity  of  illumina- 
tion was  approximately  3,500  candle - 
feet.  On  the  sun  becoming  obscured 
for  a  short  time  the  intensity  dropped 
to  less  than  one -third  of  this  value, 
while  at  6.30  p.m.  it  was  only  170 
candle-feet.  By  9  o'clock  the  intensity 
was  not  much  more  than  1 -20,000th 
of  the  mid-day  value.  When  the  arc- 
lights  were  put  on  the  value  rose  to 
O'l  candle-foot. 

Turning  next  to  the  relation  between 
the  illumination  inside  a  room  and  the 
intensity  of  illumination  outside,  Prof. 
Morris  mentioned  as  a  remarkable  fact 
that  only  about  one-hundredth  to  one- 
thousandth  of  the  outside  intensity 
found  its  way  into  the  average  room. 
In  this  connexion  the  lecturer  ex- 
hibited a  table,  compiled  by  Mr.  P.  J. 
Waldram,  showing  the  value  of  this 
ratio  in  the  case  of  several  well-known 
buildings  tliroughout  London.  For 
example  :  on  desks  in  a  new  elementary 


school,  0*0025  to  "008  ;  ordinary  offices, 
average  0*001  ;  House  of  Lords  (wool- 
sack), 0*006  ;  Charing  Cross  Station, 
booking  hall,  0*0001  to  0*0003.  It  is 
interesting  to  observe  that  this  ratio 
remains  fairly  constant  throughout  the 
day,  and  is,  seemingly,  more  or  less 
independent  of  climatic  conditions. 

It  will  thus  be  seen  that  there  are 
wide  fluctuations  continually  taking 
place  in  the  light  of  which  we  are  more 
or  less  unconscious.  In  explanation 
of  this  the  lecturer  explained  how  the 
pupil  of  the  eye  expands  and  con- 
tracts with  variation  in  intensity  of 
incident  fight.  This  point  was  illus- 
trated by  curves  showing  the  result  of 
tests  made  at  the  East  London  College. 
These  curves  illustrated  the  connexion 
between  the  area  of  the  pupil  aperture 
and  the  illumination  ;  a  very  sharp 
bend  in  the  curve  occurs  when  the 
illumination  is  reduced  to  a  certain 
value  below  one  foot -candle.  The 
effect  of  fight  entering  the  eye  obUquely 
was  also  shown. 

Most  of  the  experiments  on  intensity 
were  made  with  a  Trotter  Universal 
Photometer  equipped  with  the  special 
dayfight  attachment.  The  principles 
and  action  of  this  instrument  were  ex- 
plained by  the  lecturer  and  have  been 
described  by  Mr.  P.  J.  Waldram  in 
this  Journal.*  '  Prof.  Morris  also 
pointed  out  how  much  there  remained 
to  be  learned  on  this  subject,  although 
a  marked  impetus  to  researches  in  this 
field  had  been  given  by  the  formation 
of  the  Illuminating  Engineering  Society. 
When  the  Society  was  first  founded,  he 
confessed  that  he  had  been  among 
those  who  were  not  altogether  con- 
vinced as  to  its  utility  ;  but  he  had 
since  come  to  appreciate  the  im- 
portance of  its  impartial  attitude  and 
the  work  it  proposed  to  carry  out,  and 
he  \xas  now  thoroughly  convinced  of  the 
useful  field  before  it. 

In  his  second  lecture  Prof.  Morris 


*  Ilium.  Eng.,  Lond.,  Vol.  I.,  1908,  p.  811. 
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continued  his  discussion  of  the  measure- 
ment of  dayHght  illumination.  Re- 
ferring to  the  arrangement  for  mea- 
suring the  ratio  between  the  interior 
and  outside  unrestricted  sky -illumina- 
tion, he  pointed  out  that  the  brightness 
at  different  parts  of  the  sky  varied 
considerably.  This  difference  could  be 
very  readily  studied  by  the  aid  of  the 
Trotter  daylight  attachment,  and  Prof. 
Morris  exhibited  a  table  illustrating  the 
manner  in  which  the  intensity  varied 
from  the  zenith  to  the  horizon.  In  using 
the  Trotter  daylight  apparatus  the 
result  obtained  must,  therefore,  be 
regarded  as  to  some  extent  arbitrary, 
though,  as  stated  above,  the  ratio  con- 
necting the  indoor  illumination  with 
unrestricted  sky-illumination  outside 
did  remain  very  constant  in  spite  of 
fluctuations  in  climatic  conditions. 
Attempts  had  been  made  to  ascertain 
the  ratio  of  the  intensity  at  the  zenith 
and  to  the  average  intensity ;  it 
appeared  to  be  about  5  to  1 . 

Turning  next  to  artificial  illumination 
the  lecturer  pointed  out  one  funda- 
mental distinction  between  gas  and 
electric  lighting,  namely,  that  whereas 
the  nature  of  the  electric  current  was 
quite  definite,  the  quality  of  gas 
supplied  varied  in  different  localities. 
In  testing  a  Keith  high -pressure  burner 
a  difference  of  over  50  per  cent,  in  the 
candle-power  was  obtained  between 
measurements  made  in  East  London 
and  North  London.  It  is,  therefore, 
particularly  important  that  steps  should 
be  taken  to  see  that  consumers  get 
a  definite  calorific  value. 

The  leading  systems  of  electric  light- 
ing were  also  briefly  touched  upon  and 
some  comparative  figures  given  for 
different  types  of  lamps.  The  Moore 
vacuum  tube  lamp  was  specially  noticed 
owing  to  its  exceptionally  low  intrinsic 
brilliancy.  Figures  were  given  show- 
ing the  intrinsic  brilliancy  of  various 
sources.  A  few  examples  are  :  Sun, 
100,000  c.-p.  per  square  cm.  ;  arc, 
16,000  ;  tungsten  lamp,  150  ;  carbon 
filament,  16  ;  high -pressure  gas,  25 
candle-power  per  sq.  cm. 

In  passing,  the  lecturer  remarked 
that  he,  personally,  was  not  concerned 
exclusively  with  the  advantages  of 
any  one  method  of  lighting,  and  desired 


to  examine  each  one  on  its  merits  and 
to  preserve  an  entirely  unbiassed  and 
judicial  attitude. 

A  series  of  remarkable  curves,  which 
had  been  obtained  from  measurements 
taken  by  the  lecturer,  were  then  pre- 
sented showing  the  fluctuation  of  light 
on  the  leading  electric  railways  and 
tramways  of  London.  On  "the  Circle  " 
a  variation  between  about  0*8  candle- 
feet  and  over  2  candle -feet  was  noticed. 
A  comfortable  reading  illumination  in 
trains  is  1  candle -foot.  The  advan- 
tages of  metallic  filament  lamps  on 
variable  voltage  supply  was  well  illus- 
trated in  one  case  in  which  both  these 
and  carbon  lamps  were  used  on  the 
same  railway.  As  was  to  be  expected, 
the  variations  on  trams  were  much 
more  marked. 

The  lecturer  next  turned  his  atten- 
tion to  shades  and  reflectors,  and 
exhibited  some  of  the  scientifically 
designed  shades  manufactured  by  the 
Holophane  Co.  Prof.  Morris  also  ex- 
pressed a  strong  opinion  that  street 
lamps  should  always  be  so  shaded 
that  the  source  of  light  could  not  be 
seen.  He  characterized  the  fighting 
of  Whitehall  as  magnificent  as  regards 
intensity  of  illumination,  but  faulty 
from  the  standpoint  of  excessive  glare. 

The  lecturer  also  remarked  that  there 
was  a  general  impression  that  for  in- 
terior lighting  the  nearer  the  lamp  the 
better  the  illumination.  The  fallacy  of 
this  was  well  exemplified  by  curves 
showing  the  intensity  of  illumination 
over  a  floor  with  an  arc  lamp  at  two 
different  heights.  Lowering  the  lamp 
actually  decreased  the  light  where  it 
was  most  required. 

On  the  occasion  of  the  third  lecture 
on  'Illumination  by  Petrol  Air-Gas,' 
Prof.  Smith  arranged  for  the  exhibition 
of  plants  manufactured  by  four  of  the 
leading  makers  ;  these  were  shoatMi  in 
actual  operation  during  the  lecture. 
By  way  of  introduction  the  lecturer 
remarked  that  the  question  was  attract- 
ing much  attention  at  the  present 
time,  and  many  rash  statements  were 
being  made  both  for  and  against 
petrol  air-gas.  He  thought,  however, 
from  experiments  he  had  made  that, 
generally  speaking,  a  fair  case  could  be 
made  out  for  air-gas  without  resource 
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to  the  obviously  absurd  statements 
made  by  some  enthusiasts. 

Air-gas  is  the  name  given  to  a  mixture 
of  some  inflammable  vapour  and  air. 
The  Hquid  generally  employed  is  petrol, 
but  he  thought  that  there  was  probably 
scope  for  the  use  of  benzol  in  the  future. 

The  principle,  though  simple,  is 
difficult  to  apply,  the  following 
points  being  of  primary  importance  : 

(1)  Carburation    must    be  constant. 

(2)  Apparatus  must  be  self -regulat- 
ing and  capable  of  giving  a  constant 
mixture  under  all  circumstances.  (3)  The 
mixture  must  be  intimate.  These 
principles  are  rendered  difficult  owing 
to  the  fact  that  petrol  is  a  mixture  of 
h quids,  and  also  that  temperature  has 
a  very  marked  effect  on  the  vapourising 
properties.  This  point  was  discussed  at 
some  length  by  the  lecturer  and  ex- 
emphfied  by  curves  obtained  from 
theory  and  practical  experiment. 

In  comparing  the  cost  of  air-gas  and 
coal-gas,  from  the  standpoint  of  a  given 
heat-production,  a  difficulty  is  imme- 
diately encountered,  namely,  the  fixing 
of  a  proper  value  for  the  calorific 
value  of  coal-gas.  It  would  appear, 
however,  that  heat  unit  for  heat  unit 
petrol  at  lOd.  per  gallon  is  equivalent 
to"coal-gas  at  3^.  9d.  per  1,000  cubic  feet 
(630  B.Th.U.s)  or  at  2^.  lO^d.  (480 
B.Th.U.s).  When  tested  for  light,  so  . 
far  as  it  had  been  possible  to  determine 
by  experiments  at  the  College,  air-gas 
seemed  to  give  a  greater  efficiency  than 
coal-gas,  the  cost  per  1,000  candle-power 
hours  coming  out  at  from  IJc?.  to  2JcZ. 

A  description  was  then  given  of  some 
of  the  different  plants  employed,  starting 
from  the  earliest  apparatus  up  to  the 
modern  machines  exhibited  on  this 
occasion.  Most  modern  machines  con- 
sist in  general  of  the  following  essential 
parts  : — (1)  Some    source    of  power. 


generally  a  hot-air  engine  or  falhng 
weights  to  provide  the  necessary  power 
for  pumping  the  gas  through  the  mains. 
(2)  A  pump,  generally  in  principle 
similar  to  a  reversed  wet  gas-meter. 
This  pumps  air  through  (3)  a  carburettor 
to  which  petrol  is  supplied.  The  gas 
then  passes  into  (4)  a  gas  reservoir  or 
"  gasometer,"  the  rising  and  falling 
of  which  controls  the  making  of  the 
gas. 

Some  machines  have  means  of 
measuring  out  the  air  and  petrol  in 
definite  quantities,  others  rely  on 
automatic  contrivances  for  keeping 
the  mixture  constant. 

The  mixture  formed  is  about  IJ  to 
2J  per  cent  of  petrol  vapour  to  98J 
to  97J  per  cent  of  air.  Such  a  mixture 
is  non-explosive,  hence  the  claim  by 
the  makers  of  it  being  safety  gas. 

The  lecturer  concluded  by  pointing 
out  the  great  need  of  an  opportunity 
for  careful  research  on  many  undecided 
points  in  connexion  with  air-gas 
machines.  For  example,  one  would 
like  to  know  what  was  the  best  pressure 
to  utilize  at  the  burner.  The  use  of 
pressures  considerably  exceeding  the 
2  in.  of  water  which  was  at  present 
customary  would  involve  the  use  of 
specially  designed  burners,  but  it 
might  be  worth  while  to  take  this 
trouble  in  order  to  obtain  increased 
efficiency.  Speaking  as  one  who  took 
an  entirely  unbiassed  attitude  towards 
the  various  methods  of  lighting  now 
available,  there  certainly  seemed  to  be 
special  advantages  enjoyed  by  the 
variety  of  illuminant  he  had  been 
describing,  but  there  was  still  con- 
siderable room  for  improvement,  and 
he  felt  sure  that  makers  of  air-gas 
plants  would  welcome  reliable  data 
on  the  problems  on  which  they  were 
engaged. 


New  Books. 

Colour  Blindness  and  Colour-Perception,  by  F.  W.  Edridge  Green,  M.D.,  F.R.C.S. 

(Kej^ari  Paul,  Troiicli,  Triibn(^r  &  Co  ),  5/. 

Illumination  and  Photometry,  by  W.  E.  Wickondon,  B.S.,  Asst.  Professor  of  Elec- 
trical Kn^rin(!(;rin^r,  Massachusolts  Institute  of  Technology,  U.S.A.  (Hill  Publishing 
Co.,  Ltd.,  6,  J^ouverie  Street,  London,  E.C.). 

Wo  propose  to  refer  in  greater  detail  to  these  two  works  shortly. 
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CORRESPONDENCE. 


Mr.  Abady's  Street  Lighting  Contract. 

Sir, — There   are  several  points  in  in  that  case  we  are  only  concerned  with 

connexion  with  the  contract  on  street  the  production  of  a  given  illumination 

lighting   recently    described    by    Mr.  irrespective    of     the    distance  away 

Abady  in  his  paper  before  the  Institu-  from  the  source. 

tion  of  Gas  Engineers    on  which  I  Again,  what  is  meant  by  the  re- 
should  like  to  comment.  quirement  that  the  photometer  shall 
I  hold  that,  at  the  present  time,  it  "  read   accurately   whatever   the  re- 
is  very  essential  that  any  specification  spective  colours  of  the  light  under  test, 
of  this   kind,   while   allowing   ample  and  standard  light."    Does  this  imply 
margin  on  debatable  points,  should  at  that  the  photometer  is  to  be  of  the 
least   contain  clear  and  definite  in-  flicker  pattern,  or  that  a  particular 
structions  on  such  matters  as  it  does  make  of  instrument  is  to  be  employed  ? 
attempt  to  treat.    It  may  be  added  If  so,  it  can  only  be  said  that,  in  view 
that  a  mere    scientific  flavouring  in  of  the  differences  of  opinion  on  this 
contracts  of  this  nature,  is  in  itself  point  among  authorities  in  different 
not  only  of  no  value,  but  distinctly  parts  of  the  world,  some  of  whom  are 
misleading  unless  the  meaning  is  per-  by  no  means  convinced  as  to  the  correct- 
fectly  clear  and  definite.    The  contract  ness  of  the  flicker  principle,  it  seems 
described  by  Mr.  Abady  does    seem  an   undesirable    restriction   to  insist 
to  me  needlessly  rigid  in  some  respects,  upon  the  use  of  a  photometer  of  this 
and  not  sufficiently  explicit  in  others.  special  type.    On  the  other  hand,  if 
What,  for  example,  is  the  object  in  the  meaning  of  the  phrase  is  only 
stating  that  the  photometer  must  work  vague  and  general,  of  what  value  is  it  ? 
on   the   inverse   square   law  ?    Does  For  who  is  to  decide  when  a  photo- 
this   merely  mean  that   the   candle-  meter    reads    accurately  irrespective 
power  of  the  source  must  be  calculated  of  the  colours  of  the  lights  tested  ? 
by  this   method   from   a   knowledge  Again  the  suggestion  that  the  mean 
of  its   distance   away  ?    Or   does   it  of  the  reading  at  angles  of  20  degrees 
mean  that  the  mechanism  of  the  photo-  and  50  degrees  represents  the  mean 
meter  is  to  be  based  on  the  inverse  hemispherical    candle-power    of  any 
square  law,  i.e.,  that  the  illumination  lamp,     although     attractive    for  its 
of    the    photometer-screen    must    be  simplicity,  would  certainly  seem  to  be 
varied  by  moving  the  comparison  lamp  one  which  demands  more  exact  study 
to  and  fro  ?    It  is  difficult  to  see  why  before  it  can  be  relied  upon,  especially 
the  latter  point  should  be  insisted  upon  in  view  of  the  considerable  amount  of 
and  Mr.  Abady's  own  street  photo-  work  that  nas  been  done  on  this  question 
meter,  as  exhibited  at  a  recent  meeting  without  any  such  law  having  been 
of  the  Illuminating  Engineering  Society,  discovered.      This    is,    however,  an 
was  not   constructed  to  utiHze  this  interesting   suggestion  if  further  in- 
principle.    If,    however,    all    that    is  vestigation  will  bear  it  out. 
meant  is  that  the  illumination  should  As  explained  above,  it  does  not  seem 
be  calculated  in  this  way,  there  is  still  necessary  or  desirable  to  specify  strictly 
the  objection  that  a  lamp  containing  the  exact  type  of  instrument  to  be 
several  mantles  and  a  relatively  short  used.    But  it  is  necessary  that  the 
distance  away  from  the  photometer  instrument,  of  whatever  make  it  may 
cannot  be  regarded  as  "  a  point  source."  be,  should  have  a  satisfactory  degree 
No  question  of  this  kind  could  arise  of  accuracy.     What  order  of  accuracy 
were  the  illumination  measured,  since  is  demanded  in  this  case  ?    And  who 
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is  to  check  the  instrument  and 
ascertain  whether  it  possesses  the 
requisite  quahfications  in  this  respect  ? 
The  contract  merely  states  that  the 
photometer  should  "  read  accurately  "  ! 

Further,  it  is  stated  that  "  the  light 
shall  be  of  a  steady  invariable  charac- 
ter of  a  white  or  yellowish  white 
colour."  In  this  short  sentence  there 
are  endless  possibilities  of  dispute. 
How  can  any  one  know  what  is  implied 
by  a  "  steady  "  light  unless  the  steadi- 
ness is  defined  and  a  certain  method 
of  testing  the  variation  of  candle- 
power  of  a  source  within  a  given 
period  is  specified  ?  And  what  is  the 
object  in  directing  that  measurements 
should  be  made  at  intervals  of  not  less 
than  30  or  more  than  60  seconds  ? 
Is  this  intended  to  test  the  steadiness, 
and  would  the  measurements  be  in- 
validated if  not  made  at  the  prescribed 
intervals  ? 

It  is  equally  impossible  to  judge  by 
the  naked  eye  only  when  a  light  ceases 
to  be  yellowish  white  and  becomes 
yellow  unless  these  colours  are  properly 
defined.  One's  impression  as  to  the 
colour  of  light  varies  very  considerably 
according  to  the  previous  history  of  the 


eye,  and  so  many  shades  of  colour  in 
modern  illuminants  exist  intermediate 
between  the  bluish  white  of  the  en 
closed  arc  lamp  and  the  most  strongly 
yellow-tinted  flame  arcs,  that  it  is 
difficult  to  draw  a  precise  line  as  to 
what  is  yellow  and  what  is  white.  In 
addition  the  impressions  of  individuals 
differ.  Have  we,  then,  to  test  the 
operators  for  colour  blindness  before 
authorizing  them  to  test  ?  No  doubt" 
a  sufficiently  rigid  definition  and  a. 
method  of  testing  on  scientific  lines 
could  be  devised.  Even  so  decisions 
on  this  point  would  certainly  lead  to 
dissatisfaction  and  who  is  to  decide 
in  the  event  of  a  dispute  ? 

To  mention  yet  another  possible 
source  of  uncertainty,  I  should  like  to 
enquire  whether  the  failure  of  a  lamp 
to  give  the  requisite  candle-power, 
for  any  cause  whatever,  is  to  involve  a 
penalty.  Suppose,  for  example,  a 
mantle  or  lantern  is  inadvertently 
broken  while  tests  are  being  made  ; 
is  the  inevitable  reduction  of  light 
before  it  can  be  repaired  sufficient 
ground  for  complaint  against  the 
company  ?  I  am,  yours,  &c., 

A  Ratepayer  of  Westminster. 


Low  Voltage  Streetlighting. 

The  Electrical  World  of  New  York  for 
June  9th,  1910,  records  a  new  method  of 
street  lighting  to  be  employed  in  Van- 
couver, British  Columbia,  which  is 
somewhat  novel.  The  lighting  of  the 
streets  is  to  be  accomplished  by  means 
of  standards  about  ten  feet  high  each 
of  which  will  be  equipped  with  a  cluster 
of  five  75-watt  tungsten  lamps,  enclosed 
in  frosted  glass  globes.  At  the  base  of 
each  standard  will  be  a  transformer 
which  will  reduce  the  pressure  to 
11'3  volts.  In  this  way  all  the  advan- 
tages of  their  stoutness  and  durabihty 
of  low- voltage  filaments  will  be  secured 
and  it  is  anticipated  that  any  possible 
trouble  in  the  shax)e  of  breakage  of 
filaments  through  the  vibration  of 
passing  vehicles  will  be  completely 
avoided. 


Novel  Scheme  for  Illuminating  a 
Banquet  Hall. 

The  Electrical  Review  of  Nem-  York 
(May  28)  describes  a  somewhat  novel  sys- 
tem of  lighting  employed  in  New  Jersey 
on  the  occasion  of  the  President  of  the 
United  States  paying  a  visit  to  the  city. 

The  Town  Hall  in  which  the  banquet 
took  place  Avas  converted  into  an 
Italian  Pergola  by  means  of  a  false 
framework  on  the  ceiling  ;  to  this  were 
attached  branches  of  artificial  apple 
blossom.  The  illumination  was  pro- 
vided by  two  long  tubes  of  the  Moore 
light,  one  encircling  the  pergola  and 
the  other  supported  from  the  e^ge  of 
tlie  balcony.  Each  of  these  tubes  was 
150  ft.  in  length  and  !£  in.  in  diameter. 
The  tubes  were  filled  with  nitrogen, 
and  the  resultant  rose  yellow  tint  of  the 
illumination  is  said  to  be  very  effective. 
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ILLUMINATION  AND  PHOTOMETRY. 

A  paper  of  considerable  interest  is 
that  read  by  J.  Abady  at  the  Annual 
Meeting  of  the  Institution  of  Gas  Engi- 
neers dealing  with  Public  Lighting 
FROM  THE  Municipal  Standpoint.  The 
author  criticizes  three  different  types  of 
contracts  on  street  lighting,  and  expresses 
his  preference  for  one  based  on  the  pro- 
vision of  a  minimum  candle-power  on 
the  part  of  the  sources  installed.  As  an 
illustration  he  quotes  a  section  of  the 
contract  recently  entered  into  between 
the  Westminster  and  City  Council  and 
the  Gas  Light  and  Coke  Company. 

Street  lighting  is  also  indirectly  touched 
upon  in  a  paper  by  C.  H.  Sharp,  read 
before  the  Illuminating  Engineering 
Society  in  the  United  States.  The  author 
describes  a  special  form  of  Metallic 
Reflector  intended  to  concentrate  the 
light  for  the  street  instead  of  allowing 
it  to  escape  upwards  and  sideways. 

Among  other  items  in  the  United  States 
special  reference  may  be  made  to  the 
announcement  of  the  Course  of  Lectures 
in  Illuminating  Engineering  to  take 
place  at  the  Johns  Hopkins  University 
in  Baltimore.  This  is  to  follow  imme- 
diately the  Convention  of  the  Illuminating 
Engineering  Society,  and  many  of  the 
leading  authorities  in  the  United  States 
will  lecture  on  their  respective  subjects. 
We  may  also  notice  several  interesting 
articles  which  have  appeared  in  The 
Illuminating  Engineer  of  New  York  for 
June.  One  of  these  deals  with  Hospital 
Lighting.  A  mmiber  of  illustrations 
are  presented  showing  wards  in  which 
the  arrangements  with  regard  to  illu- 
mination were  very  unsatisfactory,  speci- 
ally on  account  of  non-avoidance  of  glare. 
Other  articles  deal  with  Fixture  Design. 
A  new  variety  of  ornamental  semi- 
translucent  glass  fixtures  is  described, 
and  the  question  is  also  raised  why  is  it 
that  fixtures  are  so  constantly  sent  out 
without  the  name  of  their  designer 
being  knqwn.  Another  article  describes 
the  lighting  arrangements  in  the  home 
of  Mr.  Andrew  Carnegie.  H.  E.  Ives 
{T.I.E.S.ior  February,  1910)  contributes 
a  paper  on  Luminous  Efficiency,  in 
which  he  summarizes  recent  work  in 
this  field. 

Attention  may  also  be  drawn  to  the 
lectures  delivered  by  Prof.  J.  T.  Morris 
at  the  East  London  College  which  are 


referred  to  in  various  technical  journals. 
Two  points  of  special  interest  in  these 
lectures  were  the  presentation  of  a  series 
of  curves  connecting  the  size  of  the  pupil 
aperture  of  the  eye  with  illumination  under 
various  conditions,  and  some  diagrams 
showing  the  Fluctuations  in  Illumina- 
tion ON  THE  Underground  Railways  in 
London. 

ELECTRIC  LIGHTING. 

As  usual  a  number  of  articles  deal  with 
the  metallic  filament  lamps.  Chief  among 
thesf  may  be  mentioned  a  paper  by  S.  E. 
Doane  before  the  National  Electric 
Light  Association  in  the  United  States  ; 
in  this  the  author  analyzes  the  Effect 
OF  High  Efficiency  Lamps  on  Central 
Station  Revenue,  taking  a  hopeful  view 
of  the  situation. 

L.  G.  Spinney  {Elec.  Rev.,  N.Y.,  Juno  4) 
presents  a  series  of  diagrams  illustrating 
the  average  Fluctuation  in  Voltage 
ON  Supply  Circuits  and  the  resultant 
variation  in  ilhmiination.  K.  Kiel 
{E.T.Z.,  April  28)  discusses  tjie  Sorting 
Out  of  Glow-Lamps  by  Voltage  and 
Candle-power — always  a  rather  tedious 
process  owing  to  the  fact  that  each  lamp 
has  to  be  handled  separately.  He  suggests 
a  modification  of  the  existing  methods 
based  on  the  use  of  a  curve,  correcting 
the  chief  electrical  characteristics  of  a 
given  make  of  lamps.  W.  W.  Coblentz 
{Elec.  World,  N.Y.,  May  19)  contributes 
a  note  on  the  Emissivities  of  Metallic 
Filaments,  tracing  the  connexion  be- 
tween the  selective  action  of  metals  as 
regards  radiation  of  light  and  their 
reflecting  power  in  different  portions  of 
the  spectrum. 

Anong  other  articles  on  glow-lamps 
we  may  note  those  in  recent  numbers  of 
the  Zeitschrift  fiir  Beleuchtungswesen  deal- 
ing with  a  suggested  improved  method 
of  arranging  glow-lamp  holders.  The 
author  advocates  the  use  of  fairly  thick 
and  durable  glass  as  an  insulator,  and 
describes  an  arrangement  enabling  a 
glass  shade  to  enter  direct  into  the 
holder  and  form  a  substantial  barrier 
between  the  metallic  parts  connected  to 
the  positive  and  negative  parts  of  the 
circuit.  A  second  article  describes  a 
method  of  clamping  filaments  in  position 
and  rapidly  measuring  their  resistance. 

W.  Wedding  {E.t:z.,  May  19,  26) 
gives  an  exhaustive  accovint  of  some 
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researches  into  the  behaviour  of  the 
Moore  Tube.  He  describes  investiga- 
tions of  the  phase  relations  between  the 
P.D.  and  current,  and  the  effect  of 
introducing  self-inductance  into  the 
primary  circuit.  He  also  makes  a  study 
of  the  efficiency  of  the  tube,  and  finds 
it  practically  identical  with  that  of  a 
number  of  tantalum  lamps  producing 
an  equivalent  illumination. 

W.  K.  Miller  {Popular  Electricity^ 
June)  describes  the  Quartz  Tube  Mer- 
cury Lamp,  which  is  now  being  utilized 
in  the  streets  of  Paris  in  units  of  1,000- 
2,000  candle-power.  He  remarks  on  its 
low  intrinsic  brilliancy — in  which  respect 
it  compares  favourably  with  other  of  the 
brilliant  modern  illuminants. 

Lastly,  attention  may  be  drawn  to  the 
account   of   the    Convention   of  th 
National  Electric  Light  Associatio. 
which  is  given  in  several  of  the  technical 
journals  in  the  United  States. 


GAS,   OIL,    ACETYLENE   LIGHTING,  &c. 

One  of  the  most  important  items  of 
the  past  month  has  been  the  Annual 
Meeting  of  the  Institution  of  Gas 
Engineers  (London).  The  majority  of 
the  matters  discussed,  however,  dealt 
with  gas  technicalities  rather  than  with 
illumination.  The  paper  on  street  light- 
ing contracts  by  J.  Abady,  however, 
was  exceptional  in  this  respect,  and  is 
referred  to  under  the  heading  of  '  Illu- 
mination.' 

The  Presidential  Address  contained 
references  to  several  points  of  consider- 
able importance  though  only  touching 
indirectly  on  illuminating  engineering 
proper.  The  suggestion  of  an  ultimate 
calorific  standard  for  gas  received 
emphatic  support,  and  the  President 
had  also  something  to  say  regarding  the 
changing  conditions  in  the  gas  industry 
and  the  need  for  concerted  action.  A 
somewhat  striking  proposal  was  his 
suggestion  that  the  range  of  membership 
of  the  Institution  of  Gas  Engineers 
should  be  extended,  and  that  the 
name  of  that  body  should  be  altered  to 
"  The  Gas  Institute  "  in  order  that  com- 


mercial men  might  take  a  more  active 
part  in  its  proceedings. 

One  exhibit  which  much  interested  the 
visitors  to  London  on  the  occasion  of  this 
meeting  was  the  series  of  new  4,500  c.-p. 
(nominal  incandescent,  lamps  just  in- 
stalled in  Aldwych.  It  is  stated  that, 
in  order  to  compensate  for  any  possible 
drop  of  pressure  in  the  mains,  and  also 
to  allow  for  the  possibility  of  the  calorific 
value  'of  the  gas  supplied  being  lower 
than  that  which  the  nominal  candle- 
power  of  these  lamps  demands,  gas  will 
be  fed  to  the  public  mains  in  this  neigh- 
bourhood at  a  pressure  of  70  to  80  inches. 
This  is  certainly  a  pressure  that  would 
hardly  have  been  anticipated  a  few 
years  ago  ! 

We  have  again  to  note  several  articles 
dealing  with  Distance  Gas  Lighting. 
F.  Gohrum  (J.f.O.,  May  28)  sums  up 
lucidly  the  chief  requirements  to  be  met 
by  apparatus  of  this  kind,  and  also  its 
main  advantages.  H.  Dobert  {J.f.G., 
June  18)  sets  out  to  consider  whether 
the  saving  theoretically  made  by  using 
distance  lighting  devices  can  be  actually 
realized  in  practice.  His  decision  is 
favourable. 

Prof.  C.  A.  M.  Smith  recently  delivered  a 
lecture  on  Petrol-Air  Gas  at  the  East 
London  Technical  College.  The  lecture 
was  of  a  general  character,  dealing  mainly 
with  the  principles  of  the  subject.  The 
lecturer  pointed  out  the  need  for  scientific 
research  and  the  nimiberless  details 
which  still  called  for  careful  study.  For 
example,  one  would  like  to  know  exactly 
what  was  the  most  suitable  pressure 
for  burners  utilizing  this  gas.  It  was 
also  pointed  out  that  users  of  petrol  for 
incandescent  lighting  had  at  least  the 
satisfaction  of  employing  a  fuel  of  fairly 
constant  calorific  power,  whereas  the 
calorific  power  of  gas  used  in  different 
localities  varied  considerably. 

There  are  several  papers  reported  in 
the  United  States  technical  press  dealing, 
on  general  lines,  with  Shop  Lighting  by 
Gas  and  other  subjects.  Also  the  usual 
notes  in  the  Zeitschrift  fur  Beleuchtungs- 
wesen  describing  New  Types  of  Inverted 
Burners,  and  burners  for  use  with  various 
kinds  of  liquid  fuel. 


CONTRACTIONS  USED. 

Elek.  u.  Mamh. —Elektrotechnik  und  Maschinenbau. 
E.  T.  'A.—Elektrolechnische  Zeitschrift. 
G.  \V.—Oas  World. 

Ilium,  Eng.,  S.Y.—llluminatiw/  Eiiyineer  of  New  York. 
J.  G.  L. — Journal  of  Oadighting. 

J.  f.  G. — Journal  jar  OaHheleuchtung  und  Wasserversorgung, 
'A.  f.  li.—Zeilschri/tfur  Beleuchtung^wesen, 
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Abady,  J.    Public  Lighting  from  a  Municipal  Standpoint  (Paper  read  before  the  Infct.  of  (Jas 
Engineers,  G.  TF.,  June  18  ;  J.  G.  L.,  June  21  ;  Elec.  Engineering,  June  16). 
Black,  N.  M.    Alternating  Illumination  {Ilium.  Eng.,  N.Y.,  June,  1910). 
Editorial.    The  Luminous  Efficiency  of  Incandescent  Lamps  {Elec.  World,  N.Y.,  May  19). 

Illuminating  Engineering  {Elec.  World,  N.Y.,  June  2). 

The  Study  of  Illumination  {Elec.  Rev.,  N.Y.,  June  11). 

Government  Regulation  of  Illumination — Public  Education — Free  Advertising,  &c. 

{Ilium.  Engineer,  N.Y.,  June,  1910). 
Reflectors  for  Street  Lighting  {Electrician,  June  17). 

Incandescent  Lamps  as  Standards — Photometric  Units  and  Nomenclature  {Elec. 
World,  June  16). 

Hogner,  P.    Methode  zur  Berechung  der  Vertikalflachnenbeleuchtung  und  der  Horizontal- 

flachenbeleuchtung  {E.  T,  Z.,  June  9). 
Hough,  W.    The  Development  of  Illumination  {Illumination,  April,  1910). 
Ives,  H.  E.    Luminous  Efficiency  {T.  I.  E.  S.,  Feb.,  1910). 

Macallister,  S.  A.    The  Bearing  of  Reflection  on  Illumination  {Elec.  World,  May  26). 

Morris,  Prof.  J.  T.    The  Illumination  of  Interiors  (J.  G.  L.,  June  21,  lectures  delivered  at 

the  East  London  College,  June  8  and  10). 
Rosa,  Dr.  E.  G.    Photometric  Units  {Elec.  World,  N.Y.,  June  16). 

Sharp,  C.  H.,  and  Millar,  P.  S.    Incandescent  Lamps  as  Standards  of  Luminous  Efficiency 

{Elec.  World,  N.Y.,  June  16). 
Sharp,  Dr.  C.  H.    A  New  Efficiency  Reflector  for  Street  Lighting  (paper  read  before  the  Illu- 
minating Engineering  Society,  U.S.A.,  May  12). 
Illuminating  Engineering  Society,  Annual  Meeting  {G.  W.,  May  28). 
The  Johns  Hopkins  Course  in  Illuminating  Engineering  {Elec.  World,  N.Y.,  June  2 ; 

Elec.  Rev.,  N.Y.,  June  11). 
The  Quality  of  Light  (J.  G.  L.,  June  21). 
Hospital  Lighting  {Ilium.  Engineer,  N.Y.,  June). 
The  Light  of  the  Immortals  {Ilium.  Engineer,  N.Y.,  June). 
The  Aristocracy  of  Art  {Ilium.  Engineer,  N.Y.,  June). 

The  Measurement  of  Light  and  Illumination  {Am.  Gaslight  Journal,  May  10). 


ELECTRIC  LIGHTING. 

Auerbacher,  L.  T.    Construction  and  Operation  of  an  American  Flaming  Arc -lamp  {Elec.  Rev., 
N.Y.,  May  21). 

Coblentz,  W.  W.    The  Emissivities  of  Filaments  considered  from  the  Standpoint  of  their  Reflec- 
tivities {Elec.  World,  N.Y.,  May  19). 
Doane,  S.  E.    High  Efficiency  Lamps  and  their  Effect  on  the  Cost  of  Light  to  the  Central  Station 

(paper  read  before  the  Nat.  Elec.  Light  Association,  May  23,  1910). 
Editorials.    The  Development  of  Elec.  Lighting  {Elec.  Rev.,  N.Y.,  May  21). 
Kiel,  K.    Ein  vereinfachtes  Verfahren  zum  Sortieren  von  Gliihlampen  {E.  T.  Z.,  April,  28). 
Perkins,  F.  C.    Lampe  a  arc  sous-marine  {L'Electricien,  May  28). 
Spinney,  L.  G.    Regulation  and  Illumination  {Elec.  Rev.,  N.Y.,  June  4). 
Tiersot,  L.    Verification  du  vide  dans  les  lampes  a  incandescence  {L'Electricien,  May  28), 
Miller,  W.  K.    The  First  Carbonless  Arc  Lamp  {Popular  Electricity,  June,  1910). 
Wedding,  Prof.  W.    Das  Moore  Licht  {E.  T.  Z.,  May  19,  26). 

The  use  of  Phospham  in  Metallic  Filament  Lamps  {Elec.  Engineering,  June  16). 
The  Convention  of  the  National  Electric  Light  Association  {Elec.  Rev.,  N.Y., 
May  28). 

Twenty-five  Years  of  the  National  Elec.  Light  Association  {Elec.  jRev.,|N.Y.,  May  21). 
Modern  Lamps  and  Lighting  Systems  {Elec.  World,  N.Y.,  May  19). 
Annual  Convention  of  the  National  Electric  Light  Association  {Elec.  World,  N.Y., 
June  2). 

Die  neue  "  Elec.  Lighting  Act  "  {E.  T.  Z.,  May  19). 
Gliihfaden-Messinstrument  {Z.  f.  B.,  June  10). 

Fortschritt  im  Bau  von  Gliihlampen- Armaturen  {Z.  f.  B.,  June  20), 
Flame  Arc  Lamps — Carbon  Deposit  {Elec.  Rev.,  June  10,  17,  24). 


GAS,   OIL,  ACETYLENE  LIGHTING,  &c. 

Dobert,  H.    Savings  accomplished  by  Distance  Gaslighting  (J.  /.  G.,  June  18). 

Gohrum,  F.    Gasdriickfernziindung  (J.  /.  G.,  May  28). 

Kelley,  E.  F.    Gas  Arcs  and  Factory  Lightmg  (J.  /.  G.,  May  28). 

Luckerath,  O.    Pressgasbeleuchtung  in  Charlottenburg  {J.  f.  G.,  May  28). 

Smith,  C.  M.    Petrol  Air  Gas  Lighting  (Lecture  delivered  at  the  East  London  Technical  College, 
June  15). 

Young,  R.  R.    The  Future  of  Gas  for  Store  Lightmg  {Am.  Gaslight  Jour.,  June  13). 

L' Acetylene  applique  aux  Illuminations  d'eglises  {Rev.  des  Eclairages,  May  30). 
British  Acetylene  Association,  Annual  Meeting  {Acetylene,  June,  1910). 
Institution  of  Gas  Engineers,  Annual  Meeting  {J.  G.  L.,  June  21  ;  G.  W.,  Jime  18). 
Large  Candlepower  High  Pressure  Units  on  View  in  London  {J.  G.  L.,  June  21). 
Neue  Invertbrenner  Gliihlicht  fiir  fliissige  Brennstoffe,  &c.  {Z.f.B.,  June  10, 
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TRADE  NOTES. 

[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped* 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  leceipt  of  all  bona  fide  inforiration 
relating  thereto.] 


Catalogues  Received. 


ARC-LAMPS  FOR  LANTERNS,  CINEMATO- 
GRAPHIC, AND  PROJECTION  APPARATUS. 

A  list  issued  by  the  Stralsunder  Bogen- 
lampenfahrik  {Stralsund,  Germany)  con- 
tains particulars  of  a  variety  of  cheap 
forms  of  lamps  for  lantern  work,  the 
"  Kispar  being  a  projection  lamp,  with 
inclined  carbons  specially  intended  for 
cinematographic  work.  Also  prices  of 
transformers,  resistances,  &c. 

FITTINGS  FOR  INCANDESCENT  GAS. 

We  have  before  us  a  little  list  of  fittings 
for  incandescent  gas  issued  by  Messrs. 
W.  A.  S.  Benson  <&;  Co.,  Ltd  {82-83,  New 
Bond  Street,  London,  W.),  in  which  a 
number  of  original  decorative  designs 
in  antique  styles  are  shown.  We  under- 
stand that  particulars  of  new  designs  of 
this  nature  will  be  available  shortly. 

ELECTRIC  GLOW-LAMPS. 

Messrs.  Siemens,  Bros.,  Ltd.  (Tyssen 
Street,  Dalston,  London,  N.E.),  send  us 
a  new  price  list  C5,  embodying  the 
reduced  prices  of  Tantalum  Lamps  as 
mentioned  in  our  last  number,  and  giving 
particulars  of  voltages,  C.P.'s,  sizes  of 
bulbs,  &c.,  of  all  typas  of  Tantalum 
Lamps  now  on  the  market.  Copies  can 
be  obtained  on  application  to  the  above 
address. 

The  British  Thomson  Houston  Co.,  Ltd. 
[Rugby). — Price  List  No.  244  relating  to 
Mazda  tungsten  lamps.  For  these  lamps 
a  specific  consumption  of  1*25  to  1*5 
watts  per  candle  is  quoted.  Specially 
marked  lamps  for  series  burning  &re 
available.  It  is  interesting  to  obsetve 
that  the  marking  qf  th^se  lamps  serves 


to  indicate  when  two  lamps  can  be  satis- 
factorily "  paired."^ 

The  British  Westinghouse  Co.  (Man- 
chester).— The  AuKiGA  lamps,  stated  to 
possess  an  efficiency  of  1*25  watts  per 
Britich  c.-p.,  now  available  at  reduced 
prices.  The  list  concludes  with  a  series 
of  instructions  to  users. 

ACETYLENE  FOR  LIGHTING  AND 
COOKING. 

From  W.  Giintner  (4,  Liebhartsgasse, 
Vienna)  we  receive  a .  description  of 
acetylene  incandescent  burners.  For 
these  a  consumption  of  0*25  litres  per 
candle-power  is  claimed.  Special  methods 
are  adopted  to  prevent  the  possibility  of 
back  •  Hghting,  smoking,  &c.  Incan- 
descent burners  using  5,  10,  15,  20,  arid 
up  to  50  litres  per  hour  are  available. 
VARIOUS. 

Electric  Fans  and  Heating  and  Cooking 
Apparatus  [The  Ediswan  Co.  {Edtswan 
Buildings,  Queen  Street,  E.C.).  'Arctic 
Fans  {Julius  Sax  cfe?  Co.,  Ltd.,  ^4 a,  High 
Street,  New  Oxford  Street,  London,  W.C.). 
Alternating  Current  Squirrel  Cage  and 
Slip  Ring  Induction  Motors,  The  British 
Westinghouse  Electric  Manufacturing  Co., 
Ltd.  {Manchester).  Flexible  Reversible 
Couplings,  The  Power  Plant  Co.,  Ltd.  { West 
Drayton,  Middlesex).  Lists  of  the  Cape 
Asbestos  Co.,  Ltd.  {23,  King  Street, 
London,  E.C.).  Hauling  and  Agricultura  1 
Machinery  {H.  Lewis  cfc  Sons,  Reading). 
Water  Softening  Apparatus  {Bowes  Scott 
(fc  Western,  Ltd.,  Westminster,  London, 
S.W.).  Insurance  and  Upkeep  'of 
Machinery  {Messrs.  Marry  at  <&;  Place,  28  y 
Hatton  Garden,  London,  E.C.). 
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'.UllIlM 


Lig^hting  Literature 
Daily  Press. 


in  the 


We  have  frequently  been  struck  by 
the  increasing  number  of  articles, 
dealing  with  matters  of  illumination, 
which  now  appear  in  the  daily  and 
non-technical  press.  In  principle  we 
welcome  the  popularization  of  infor- 
mation on  lighting.  Almost  every- 
one, whatever  his  occupation,  is  more 
or  less  concerned  with  the  use  of 
light,  and  it  is  only  natural  that  there 
should  be  a  demand  for  readable  litera- 
ture on  the  subject. 

A  considerable  number  of  the  articles 
of  this  kind  are  written  with  the  object 
of  presenting  the  claims  of  some  par- 
ticular lamp  or  system  of  illumination.. 
It  is  also  only  reasonable  that  manu- 
facturers should  seek  to  interest  the 
general  public  in  their  wares,  since  it 
is  on  the  general  public,  after  all,  that 
the  commercial  success  of  lighting 
apparatus  largely  depends.  But  we 
think  that  in  such  cases  a  clear  dis- 
tinction ought  to  be  drawn  between 
purely  advertising  matter,  information 


preliminary  to  the  issue  of  a  prospec- 
tus, and  the  like,  and  genuine  articles 
written  for  the  benefit  of  the  readers 
of  a  paper. 

During  the  last  few  weeks  there  has 
been  a  flood  of  literature  of  this  kind. 
In  popular  articles  of  this  variety  one 
must  not  expect  a  pedantic  accuracy  of 
statement,  but  we  feel  bound  to  say 
that  much  of  what  has  been  written 
has  overstepped  the  permissable  mar- 
gin of  exaggeration.  The  over-coloured 
statements  as  to  the  respective  merits 
of  gas  or  electric  lighting,  and  especi- 
ally the  belittling,  by  representatives 
of  one  system  of  illumination,  of  the 
merits  of  other  methods,  leads  to  a 
great  deal  of  unnecessary  bitterness, 
and,  moreover,  does  not  achieve  its 
object.  The  public  is  becoming  weary 
of  these  obviously  bewildering  and  con- 
tradictory statements.  On  one  morn- 
ing the  reader  is  met  with  the 
triumphant  declaration  "Gas  super- 
seded by  Electricity."  In  the  next 
breath  he  is  informed  that  "  Gas  at  the 
worst  is  better  than  electricity  at  the 
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best."  He  not  unnaturally  draws  the 
conclusion  that  neither  claim  is  above 
suspicion  and  the  only  ultimate  effect 
is  to  produce  a  feeling  of  scepticism 
and  distrust. 

All  this  helps  to  retard  the  educa- 
tion of  the  public  to  appreciate  what 
constitutes  good  lighting,  and  serves  to 
destroy  the  interest  in  matters  of 
illumination  which  has  recently  been 
made  manifest. 

One  unfortunate  consequence  of  the 
indiscriminate  publication  of  litera- 
ture of  this  description  is  that  each 
fresh  effort  provokes  reprisals  in  the 
same  strain.  We  believe  that  it 
does  little  good  to  either  interest,  and 
prefer  to  accept  the  view  of  Mr. 
R.  R.  Young,  who  pointed  out  in 
a  paper  before  the  National  Commer- 
cial Gas  Association  (U.S.A.)  that  any 
marked  advance  in  either  system  of 
illumination  benefits  the  other,  because 
it  helps  to  bring  about  a  higher 
standard  of  illumination.  How  much 
better,  therefore,  it  would  be  to  point 
out  the  directions  in  which  an  illumi- 
nant  really  can  be  utilized  with  effect, 
instead  of  insisting  on  its  superiority 
under  all  imaginable  conditions,  and  to 
encourage  a  more  liberal  use  of  illumi- 
nation instead  of  always  harping  on  the 
question  of  cost. 

If  those  connected  with  different 
systems  of  illumination  could  only 
come  to  an  agreement  to  abandon  this 
mutually  destructive  warfare,  and 
instead  to  insist  upon  the  value  of 
good  illumination  without  attacking 
and  exposing  each  other,  all  systems 
of  lighting  would  benefit. 

Pyrophoric  Ignition  Devices. 

It  is  very  interesting  to  observe 
how  many  modern  inventions  are 
simply  modifications  of  the  crude 
efforts  of  the  distant  past.  We  see, 
again  and  again,  discoveries  made  and 
patents  taken  out,  only  to  be  subse- 
quently forgotten  and  replaced  by 
other  and,  at  the  time,  better  methods 
of  achieving  the  same  end.  Subse- 
quently new  facts  are  discovered  and 


the  march  of  chemical  and  physical 
science  leads  the  investigator  of  the 
present  day  into  the  very  lines  of  ex- 
periment which  had  been  attempted 
and  ultimately  abandoned  in  the  past. 

For  example,  the  development  of 
the  metallic  filament  glowlamp  leads 
us  to  recall  that  the  very  earliest 
experiments  on  incandescent  filaments 
were  made  with  metals.  Edison  and 
Swan  both  covered  this  field  of 
research  exhaustively,  but  it  was  only 
when  they  hit  upon  the  carbonized 
filament  that  their  efforts  were 
crowned  with  enduring  success.  For 
over  twenty  years  no  radical  departure 
was  made  from  their  methods,  and  it  is 
only  quite  recently  that  later  dis- 
coveries have  paved  the  way  for  a 
reversion  to  metallic  filaments  once 
more. 

The  recent  development  in  pyphoric 
ignition,  which  is  discussed  by  Dr. 
Bohm  in  an  interesting  article  in  the 
present  number,  is  another  illustration 
of  the  same  tendency.  The  very 
earliest  methods  of  producing  fire, 
depended  upon  rubbing  of  two  sur- 
faces together.  Among  primitive 
peoples  of  to-day  fire  is  still  kindled 
by  friction  between  two  pieces  of  wood 
— and  a  very  arduous  process  it  is  said 
to  be.  Gradually  a  change  came  about. 
The  old  tinder  box  with  its  uncertain 
percussion  of  steel  and  flint,  was  com- 
pletely superseded  by  the  chemical 
ignition  of  the  phosphorous  match, 
gradually  developed  to  the  perfection 
of  to-day.  But  the  rubbing  methods  of 
producing  fire  have  once  more  come  to 
the  fore  owing  to  the  discovery  of  the 
properties  of  the  mineral  cerite  which 
produces  much  larger  sparks,  and  with 
much  greater  certainty,  than  the  old 
tinder  box  could  do.  It  is  early  as  yet 
to  attempt  to  forecast  the  part  to  be 
played  by  pyphoric  methods  in  the 
future.  It  appears,  however,  that  a 
considerable  advance  has  already  been 
made  on  the  Continent,  and  consider- 
able claims  are  made  on  behalf  of  the 
convenience,  cleanliness,  and  safety  of 
this  method  of  ignition. 
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It  has  been  stated  that  many  fires 
are  caused  annually  by  the  careless 
throwing  down  of  incompletely  extin- 
guished matches  upon  inflammable 
material,  and  through  their  being 
played  with  by  children. 

The  matter  is  naturally  of  special 
interest  to  the  gas  industry.  Per- 
sistent attempts  are  being  made  to 
devise  simple  and  reliable  methods  of 
automatic  ignition  so  as  to  give  gas- 
lighting  some  measure  of  the  advan- 
tages enjoyed  by  electricity  in  this 
respect.  In  certain  directions,  notably 
in  connexion  with  the  automatic  con- 
trol of  street  lamps,  considerable 
progress  has  already  been  made,  and 
we  look  for  yet  further  developments 
in  the  future. 

The  Assooiation  of  Consulting 
Engineers- 
Attention  is  drawn  elsewhere  in  this 
number  to  the  formation  of  an  Associa- 
tion of  Consulting  Engineers.  We 
sympathise  with  the  feeling  that  the 
title  of  Consulting  Engineer  "  should 
carry  with  it  more  definite  qualifica- 
tions. Seeing  that  at  present  anyone 
is  free  to  describe  himself  in  this  way, 
it  seems  desirable  that  the  public 
should  be  protected  by  some  guarantee 
as  to  the  competence  and  trustworthy- 
ness  of  the  consulting  engineer  they 
employ,  and  the  intentions  of  the 
Association  in  this  direction  deserve 
consideration. 

Another  respect  in  which  there 
seems  a  need  for  some  organization  is 
in  the  gaining  of  a  more  precise  code 
of  professional  etiquette.  The  con- 
sulting engineer  is  often  placed  in  a 
very  delicate  position  where  a  know- 
ledge of  the  recognised  and  usual 
customis  essential.  The  olderengineers 
— the  men  of  established  reputations — 
whose  advice  is  habitually  sought  in 
connection  with  bie;  undertakings,  have 
acquired  this  knowledge  through  years 
of  experience.  But  the  younger 
engineers,  with  little  experience 
behind  them,  are  often  at  a  loss,  and 
an  Association  which  could  lay  down 


the  present  ruling  on  these  matters 
with  authority  might  do  useful  work. 

It  must  ot  course  be  recognized 
that  there  are  many  varieties  of  con- 
sulting engineers,  and  this  alone 
renders  the  problem  of  stating  precise 
rules  and  regulations  a  somewhat 
difficult  matter.  In  addition  the  con- 
templated Association,  being  a  self- 
appointed  body,  can  only  gradually 
acquire  the  right  to  speak  with 
authority.  There  will  be  need  for 
considerable  care  in  drafting  its  con- 
stitution and  in  selecting  its  present 
line  of  policy,  if  it  is  to  command  the 
full  confidence  of  the  public. 

There  is  one  direction,  however,  in 
which  an  obvious  opportunity  for  good 
lies  before  the  Association,  namely  in 
bringing  together  consulting  experts 
in  many  difierent  branches.  We  have 
always  felt  that  the  sharp  distinction 
which  is  apt  to  be  drawn  between  the 
gas  and  the  electrical  engineer  was 
regrettable,  and  we  are  glad  to  see 
that  the  nominated  Committee  contains 
representatives  of  the  gas,  electrical, 
civil,  and  allied  engineering  profes- 
sions. 

Tiie  Ligliting  of  iVIuseums  and 
Public  Buildings. 

In  our  last  issue  an  Engineering 
Correspondent,  who  was  responsible 
for  the  critical  description  of  the  light- 
ing in  the  New  South  Kensington 
Museum  in  the  May  number  of 
The  Illuminating  Engineer,  added 
some  comments  on  the  adjacent 
Old  South  Kensington  Museum.  It 
is  not  altogether  surprising  to  find 
that  in  this  building  the  conditions  of 
illumination  are  considered  distinctly 
inferior  to  those  in  the  new  building, 
though,  even  in  the  latter  case,  it  was 
pointed  out  that  there  was  room  for 
considerable  improvement.  To  collect 
together  priceless  carvings,  vases,  and 
other  works  of  art,  and  then  to  provide 
such  a  feeble  order  of  illumination  that 
their  appearance  is  blurred  by  obscurity,, 
seems  rather  inconsistent. 

It  might  be  suggested  that  at  the 
present  time,  when  the  value  of  good 
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illumination  is  so  fully  appreciated, 
and  when  new  illuminants  and  methods 
of  distributing  light,  unknown  at  the 
time  this  installation  was  erected,  are 
available,  an  improvement  in  the  old 
conditions  might  well  be  taken  in 
hand. 

Even  at  present  it  must  be 
admitted  that  important  public  build- 
ings are  still  being  put  up,  and 
systems  of  lighting  installed  in  them, 
in  which  full  advantage  is  not  taken 
of  the  latest  developments  in  lamj)s, 
fixtures,  or  shades.  We  are  aware  of  a 
number  of  buildings  in  which  this 
neglect  is  leading  to  a  continuous 
waste  of  energy  which  can  easily  be 
remedied.  It  should  often  be  possible, 
by  re-arranging  the  lights,  to  provide 
infinitely  better  lighting  conditions 
than  at  present,  and  yet  to  make  a 
considerable  saving. 

The  above  remarks  hold  good  for 
many  large  offices.    In  the  case  of 
buildings  of  special  national  import- 
ance, such  as  Museums,  they  apply 
with  special  force.    In  such  cases  it  is 
not   enough   merely  to  arrange  the 
lights  so  as  not  to  violate  the  funda- 
mental rules  of  good  illumination.  In 
addition  the  character  of  each  room, 
and  the   nature  of  the   exhibits  it 
contains,  ought  to  be  carefully  borne 
in  mind.  Presumably  the  arrangement 
of  the  lighting  might  be  so  contrived 
as  to  stimulate  interest  and  to  throw  a 
glamour  over  the  surroundings  instead 
of  being  toneless  and  inefficient.  We 
have   sometimes   heard  it  remarked 
that  the  upkeep  of  all  these  national 
treasures   is   but   ill  repaid  by  the 
small  number  of  people  who  visit  the 
Museums  to  study  them.    But  the 
question  also  occurs  to  us  whether  this 
may  not  be  largely  due  to  the  fact 
that  they  are  so  often  exhibited  under 
uncongenial  conditions.    The  dim  illu- 
iriination  and  murky  obscurity  of  cer- 
tain portions  of  the  South  Kensington 
Museums  are  hardly  such  as  to  arouse 
curiosity.  On  the  contrary,  the  subdued 
gloom  is  probably  often  responsible 


for  the  visitor  immediately  turning  his 
steps  elsewhere. 

It  may,  of  course,  be  said  that  these 
remarks  are  founded  on  personal 
impression,  and  in  this  connexion  we 
should  like  to  see  a  series  of  measure- 
ments of  illumination  made  in  many  of 
these  buildings  in  order  to  see  how 
far  personal  impression  is  in  accord 
with  the  actual  facts.  Curiously 
enough,  the  contribution  by  Mr.  A.  P. 
Trotter  in  the  last  number  referred 
to  a  series  of  measurements  of  the 
illumination  in  the  South  Kensington 
Museums  in  1892.  A  repetition  of 
some  of  these  tests  would  seem  to  be 
timely,  in  order  to  ascertain  how  far, 
if  at  all,  conditions  have  been  improved 
during  the  years  which  have  elapsed 
since  that  date. 

In  this  connexion  we  should  like  to 
refer  once  again  to  the  admirable  pre- 
cedent set  by  the  Home  Office  in  the 
recently  issued  Report  of  H.M.  Chief 
Inspector  of  Factories,  an  abstract 
of  which  we  are  publishing  in  the 
present  number  (p.  493). 

Authorities  are  now  fully  conscious 
of  the  importance  of  good  illumination 
in  factories.  But  why  should  the 
matter  rest  here  ?  Surely  the  lighting 
of  many  public  buildings,  and  of  rooms 
in  which  large  numbers  of  Government 
employees  are  at  work,  is  at  least 
equally  important  ?  Tbe  lighting  of 
the  museums,  and  many  other  buildings 
of  national  importance,  admittedly 
defective  in  many  cases,  deserves  the 
attention  of  the  Office  of  Works. 
It  is  also  to  be  hoped  that  the  con- 
ditions of  illumination  in  many  post 
offices  and  telephone  exchanges  will 
be  materially  improved,  and  we  com- 
mend this  matter  to  the  notice  of  the 
Postmaster  General. 

We  trust  that  the  lead  given  by 
the  Home  Office  in  this  respect  will 
be  followed  by  other  departments,  and 
that  the  importance  of  good  illumina- 
tion will  be  more  fully  appreciated  in 
the  future  than  in  the  past. 

Leon  Gaster. 
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Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  continues  his  notes 
on  the  Illumination  of  Various 
Streets  and  Interiors  (p.  479).  In 
the  present  instalment  he  gives  the 
results  of  tests  on  various  streets  in  the 
City  of  London  in  1892,  illustrating 
his  remarks  by  a  number  of  curves 
showing  the  distribution  of  illumination 
in  each  case. 

Following  this  (p.  484)  there  is  a 
note  on  a  recent  meeting  held  for  the 
purpose  of  forming  an  "  Association  of 
Consulting  Engineers."  It  is  pointed 
out  that  some  such  organization  is 
desirable,  both  as  a  means  of  improving 
the  status  of  the  consulting  engineer 
and  also  for  the  benefit  of  the  general 
public.  At  present,  it  is  contended, 
there  is  no  adequate  safeguard  that  the 
man  whose  advice  as  a  consulting 
engineer  is  sought  will  be  a  thoroughly 
competent  and  experienced  member  of 
the  profession. 

Prof.  F.  K.  Richtmyer  (p.  485) 
deals  with  Education  in  Illuminating 
Engineering.  He  discusses  the  possi- 
bility of  arranging  for  a  special  course 
on  this  subject  in  the  college  curriculum 
and  of  deaHng  adequately  with  all  the 
different  phases  of  the  subject.  He 
then  proceeds  to  give  some  particulars 
of  the  work  of  students  at  Cornell 
University,  including  a  summary  of 
some  tests  on  the  Weber  Illumination 
photometer.  In  the  continuation  of 
this  article  details  of  tests  of  distribu- 
tion of  illumination  with  the  instrument 
will  be  given. 

Dr.  E.  P.  Hyde  concludes  his  article 
on  The  Radiation  of  Metals  (p. 
488).  He  discusses  the  apph cation  of 
the  several  radiation  formulae  to  the 
behaviour  of  such  metals  as  platinum, 
tungsten,  and  tantalum  and  points  out 


that  the  Wien  relation  is  not  rigidly 
applicable  owing  to  the  fact  that  the  so- 
called  constant  "  a  "  in  this  formula 
varies  at  different  parts  of  the  spectrum. 

A  paper  by  Dr.  H.  E.  Ives  and  Dr. 
W.  W.  Coblentz  (496)  deals  with  the 
Radiation  of  the  Firefly.  The 
efficiency  of  the  distribution  of  energy 
in  the  spectrum  of  this  source  of  light 
is  pointed  out  and  the  suggestion  is  put 
forward  that,  by  analysing  the  phos- 
phorescent constituents  that  occur  in 
the  bodies  of  certain  insects,  we  may 
eventually  learn  how  to  produce  a 
practicable  light  source  on  this  basis. 

On  p.  493  will  be  found  a  summary  of 
the  portions  of  the  recently  issued 
Report  of  H.M.  Inspector  of  Fac- 
tories dealing  with  illumination. 
It  is  pointed  out  that  justice  has 
not  been  done  to  this  important  subject 
in  the  legislation  of  the  past.  The 
Home  Office  are  fully  conscious  of  the 
necessity  for  good  lighting  conditions 
in  factories  and  workshops  and  instances 
are  given  by  several  inspectors  of 
cases  in  which  lack  of  care  in  this 
respect  has  had  a  prejudicial  effect  on 
the  health  and  eyesight  of  employees. 
The  question  is  now  being  carefully 
considered.  A  series  of  measurements 
of  the  illumination  in  underground 
basement  premises  is  now  being  carried 
out,  and  particulars  are  given  of  the 
results  obtained  in  a  number  of  in- 
teriors of  this  description.  Before 
making  definite  recommendations  on 
the  subject,  however,  much  patient 
study  and  collection  of  data  bearing 
on  the  matter  is  essential. 

Dr.  C.  R.  Bohm  (p.  503)  deals  ^nth 
Pyphoric  Ignition  Devices.  He  re- 
marks on  the  tendency  of  inventors 
to  return  to  the  old  grooves  and  to 
re-examine  processes  which  had  pre- 
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viously  been  abandoned  in  favour  of 
some  apparently  preferable  method. 
For  example  the  pyphoric  kindling 
apparatus,  utilising  the  metal  cerite,  is 
merely  a  modification,  with  improved 
materials,  of  the  old  tinder  box  in 
which  a  light  was  obtained  by  striking 
steel  and  flint  together.  Considerable 
progress  in  the  manufacture  of  apparatus 
of  this  kind  has  recently  been  made  on 
the  Continent.  At  present  there  appear 
to  be  two  chief  varieties  of  igniting 
devices,  those  intended  for  kindhng 
gas  flames  and  those  designed  for  use 
to  replace  pocket  match  boxes,  &c.  The 
author  also  enters  into  the  history  of 
the  patents  bearing  on  the  subject 
pointing  out  the  great  advantage  the 
industry  has  enjoyed  owing  to  the  free 
competition. 

An  Engineering  Correspondent  (p. 
506)  concludes  his  article  describing 
Tests  on  Incandescent  Mantles, 
Glow  lamps  and  Arc  lamps.  In  the 
present  instalment  he  gives  some 
particulars  of  the  life  of  metallic  fila- 
ment glowlamps  and  then  proceeds  to 
describe  a  rotating  lamp  holder  for  use 
in  tests  of  electric  glow  lamps  and  an 
arrangement  enabling  the  polar  curve  of 
light  distribution  from  arc  lamps  to  be 
readily  obtained. 

Mention  may  next  be  made  of  the 
article  on  Indirect  Illumination  on 
p.  505.  This  contains  a  discussion 
of  the  merits  of  this  style  of  lighting  and 
of  the  various  defects  which  must  be 
avoided.  Some  illustrations  are  given 
of  lighting  installations  of  this  kind  in 
the  United  States,  where  the  method 
is  said  to  be  making  considerable 
headway. 

A  paper  recently  delivered  by 
Prof.  G.  S.  Barrows  at  the  Third 
Annual  Convention  of  the  Illuminating 
Engineering  Society  in  the  United  States 
on  The  Work  of  Welsbach  is  also 
abstracted  elsewhere  in  this  number 
(p.  499).    This  contains  an  account  of 


Welsbach's  early  researches  on  the 
incandescent  mantle,  on  metallic  filam- 
ent lamps,  and  on  pyphoric  materials, 
&c. 

Developments  in  incandescent  mantles 
are  also  dealt  with  in  a  short  note  on 
p.  492.  This  refers  to  the  recent  re- 
searches of  M.  Greyson  de  Schodt 
which  were  summarized  in  a  paper 
before  the  Societe  Technique  du  Gaz. 
He  describes  a  method  of  using  incan- 
descent mantles  in  an  inclined  posi- 
tion, backed  by  a  metaUic  reflector.  By 
this  means  the  natural  polar  curve 
of  light  distribution  is  improved  and 
there  is  claimed  to  be  a  considerable 
gain  in  the  officiency  of  street  illu- 
mination, the  amount  of  light  directed 
on  the  pavement  being  substantially 
increased.  Clusters  of  three  or  more 
such  mantles  are  also  used.  An  in- 
teresting feature  is  that  the  angle  of 
incHnation  of  the  mantles  can  be 
varied  to  suit  the  local  conditions. 

Among  other  articles  in  this  number 
reference  may  be  made  to  an  account 
of  the  method  of  Illuminating  the 
External  Architectural  Features 
OF  A  Building  at  the  Brusselles 
Exhibition  (p.  490).  This  consists  in 
directing  the  light  on  to  the  walls  them- 
selves instead  of  following  the  outhne 
of  the  building  in  naked  glowlamps. 
Additional  miniature  lamps  are  used 
to  outline  the  roof. 

Another  note  calls  attention  to  the 
importance  of  the  Proper  Lighting 
OF  Art  Schools,  and  some  notes  are 
given  of  a  case  in  which  the  lighting  was 
several  times  modified  (p.  504). 

At  the  end  of  this  number  will  also 
be  found  reviews  of  a  series  of  recently 
issued  works  deahng  with  Illuminating 
Engineering,  Tables  for  Illumina- 
ting Engineers,  Colour  Vision,  The 
Incandescent  Mantle,  &c. 

On  p.  525  there  is  the  usual  Review 
OF  the  Technical  Press. 
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The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors. 

Illumination,  its  Distribution  and  Measurement. 

By  A.  P.  Trotter. 
Electrical  Adviser  to  the  Board  of  Trade. 
(Continued  from  p,  Jf25,  Vol.  III.) 


City  of  London. — The  street  lighting 
in  the  City  was  measured  by  me  on 
several  occasions.  A  very  large  number 
of  repeated  observations  would  be 
necessary  to  give  an  exact  result,  since 
there  was  a  considerable  variation 
of  light  when  the  arc -lamps  "  fed." 
The  three  curves  A,  B,  and  C 
(Fig.  125),  were  picked  from  a  number, 
as  the  best  performances  of  the  lamps. 
In  these  curves  all  the  readings  in  any 
one  set  of  observations  are  recorded  ; 
none  have  been  suppressed  as  doubtful. 


Fig.  125. 


Th6  curves  are  drawn  to  represent  the 
probable  distribution  of  illumination 
as  nearly  as  possible.  The  horizontal 
distances  are  given  in  feet,  and  the 
scale  of  foot -candles  has  no  relation 
to  the  height  of  the  lamp,  as  in  the^first 
section  of  these  articles.    In  several  of 


the  highest  cases  it  was  noticed  that 
the  light  was  not  thrown  uniformly, 
owing  to  the  formation  of  the  crater 


on  one  side,  perhaps  on  account  of  bad 
setting  of  the  carbons. 

Fig.  126  gives  the  illumination  curve 


20  < 

c 

Fig.  125. 


Feet 


of  a  lamp  in  Comhill,  measured  along 
the  diagonal  line  of  the  direction  of 
another  lamp.    A  considerable  crowd 
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had  collected  when  seven  readings  had 
been  taken,  and  it  is  assumed  that  the 
remainder  of  the  curve  would  be 
symmetrical,  as  shown.  Fig.  127  is 
the  curve  C  (Fig.  125a)  on  another 
scale.  The  maximum  light  being  given 
at  about  45°,  and  cos''  45°  being  0'25, 
the  value  of  the  illumination  at  the 


part  of  the  test,  below  the  average.  A 
plan  of  the  portion  of  the  street,  cor- 
rected from  the  ordnance  map,  is 
given  in  Fig.  128.  The  three  lamps 
are  marked  A,  B,  C,  and  a  line  across 
the  street  at  the  minimum  is  marked 
D  E.  The  illumination  curves  in 
Figs.  129  and  130  show  the  actual 
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Fig.  126. 
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maximum  is  to  be  found  on  the  scale 
of  foot-candles,  at  a  height  equal  to 
0'25  of  the  height  of  the  lamp,  this 
height  being  measured  in  feet  on  the 
same  scale  as  that  of  the  horizontal 
distance. 


Fig.  127. 


On  a  visit  on  May  6th,  1910,  with  the 
object  of  repeating  some  of  these 
measurements,  I  found  that  gas  had 
replaced  electric  light  in  Queen  Vic- 
toria Street.  On  the  position  occupied 
by  lamp  B,  Fig.  30,  a  double  mantle 
gas  lamp  gave  a  maximum  of  0'34  foot- 


readings.  Starting  from  A,  the  illu- 
mination was  0*1  foot-candle  at  the 
foot  of  the  lamp-post.  A  few  seconds 
later,  at  a  distance  of  11  ft.,  before 
another  reading  could  be  taken,  the 
lamp  fed,  and  the  reading  at  this 
point  was  the  same.  The  measure- 
ments were  continued  without  inter- 
ruption, and  the  early  ones  probably 
represent  the  lowest  illumination  that 
was  to  be  found  under  these  circum- 
stances. On  approaching  B  the  light 
was  good,  and  was  a  fair  average  of 
what  I  had  found  in  some  dozen  or 
more  tests.  On  starting  towards  C, 
lamp  B  fed,  and  C  appears  .to  have 
been  below  the  average  of  this  series 
of  measurements.    The  measurements 
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Fig.  128. 


candle,  less  than  half  of  the  illumination 
on  the  same  spot  eighteen  years  before. 

In  the  course  of  a  very  careful 
measurement  of  the  hghting  in  Queen 
Victoria  Street,  on  the  29th  of  January, 
1S92,  it  happened  that  the  light  of  the 
three  lamps  was,  during  the  greater 


of  distance  were  made  with  a  tape  ; 
the  assistance  of  the  police  constables, 
kindly  provided  by  Inspector  Fraser 
greatly  facilitated  the  work,  by  divert- 
ing the  traffic  and  by  keeping  off 
bystanders.  The  contour  lines  are 
practically    circles.     It    has  been 
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assumed,  in  the  circles  drawn  in  Fig.  128, 
that  lamp  C  was  burning  well.  If  the 
contour  of  0*04  foot -candle  had  been 
drawn,  it  would  probably  have  been 
of  the  hour-glass  kind*,  just  looping 


Victoria  Street,  are  represented  in 
Fig.  131,  and  an  attempt  has  been 
made  to  draw  a  curve  among  them. 
The  ordinates  are  given  as  decimals 
of  a  lux  (Hefner-metre). 


190 


210  220 


Fig.  129. 
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on  to  the  pavement  near  the  minimum. 
The  arc -lamps  appeared  to  about 
17  ft.  8  in.  high,  and  the  distance  of  the 
lamps  apart  was  about  6' 5  times  their 


Fig.  130. 


height.  These  have  now  been  re- 
placed by  gas  lamps. 

On  May  6,  1910,  the  illumination  at 
the  point  E,  Fig.  128,  by  gas  lamps, 


Whitehall— On  February  11th,  1892, 
a  careful  survey  of  Whitehall  was  made. 
Fig.  132  is  a  plan  of  the  part  of  the 
street  between  Downing  Street  and 
Whitehall  Gardens.  The  gas  lamps  are 
marked  A  to  N,  both  on  the  plan  and 
on  Figs.  133,  134,  135,  and  136,  which 
give  the  illumination  curves  along  the 
measured  lines.  Only  a  single  reading 
near  the  minimum  has  been  suppressed, 
being  obviously  wrong.  I  was  in- 
formed by  Messrs.  Sugg  &  Co.  that  the 
lamps  were  of  the  following  descrip- 
tion : — The   small   side    lamps  were 
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Fig.  131. 


was  0'012  foot-candle  and  the  maximum 
near  the  lamp  at  A  was  0'38. 

A  number  of  measurements,  made 
under  the  direction  of  Sir  W.  H. 
Preece,  with  his  photometer,  on  different 
dates,  and  in  different  parts  of  Queen 


*  Vol.  I,  p.  360. 


'  Whitehall '  pattern,  and  were  of 
90  candle-power,  consuming  20  cubic 
feet  per  hour.  The  large  lamps  were 
of  the  '  Westminster  '  pattern,  of  270 
candle-power,  consuming  50  cubic  feet 
per  hour. 

The  illumination  curves  shoAV  very 
clearly  the  effect  of  the  shadow  below 
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the  ordinary  lamps.  The  large  lamps 
at  the  "  refuges  "  were  provided  with 
reflectors,  which  greatly  lessened  the 
shadow.    Either  because  the  transverse 
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line  A  Q  was  not  taken  immediately 
below  the  lamps  B  and  C,  or  by  some 
error  in  the  measurements,  the  shadow 
below  these  lamps  does  not  appear 
plainly.  From  these  illumination-curves 
may  be  seen  the  gradual  rise  of  the 


minimum  between  A  and  D  and  between 
F  and  G,  owing  to  the  effect  of  the 
lamps  at  the  refuges.  The  moon  was 
nearly  full,  and  the  sky  was  cloudless.* 


P 


The  dotted  line  represents  the  illumina- 

*  Several  attempts  were  made  to  measure 
street  illumination  on  moonlight  nights  when 
clouds  were  drifting  over  the  sky.  Although 
attempts  were  made  to  screen  the  photometer 
from  the  moon,  the  measurements  were  very 
irregular. 
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tion,  0'025,  due  to  moonlight.  The 
survey  was  completed  at  about  11  p.m. 
From  these  curves  the  contour-lines 
in  Fig.  132  were  drawn,  and  from  these 
contour-lines  I  constructed  a  model  on 
^he  scale  of  20  ft.  to  an  inch  in  plan, 
and  1  foot -candle  to  an  inch  in  elevation. 


expected  that  I  repeated  the  measure- 
ments of  the  maxima  and  minima  at 
Whitehall  on  February  25th,  and  pro- 
ceeded at  once  to  Queen  Victoria  Street, 
where  X  made  twelve  measurements  of 
maxima  and  minima.  I  then  returned 
to  Whitehall  and  repeated  the  observa- 
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Fig.  137  gives  some  measurements 
which  I  made  on  April  22nd,  1910, 
between  the  points  E  and  G,  Fig.  132. 
The  lamps  have  been  re -arranged.  The 
upper  curve  was  taken  with  the  photo- 
meter some  4  ft.  from  the  ground,  the 


tions,  thus  ensuring  that  no  error  could 
be  caused  by  variation  in  the  power  of 
the  electric  lamp  in  the  photometer. 
The  measurements  were  in  accordance 
with  the  results  which  have  been  given. 
An  attempt  to  read  a  Bellows'  French 


Fig.  137. 


lower  with  the  screen  7 J  ins.  from  the 
ground.  The  maximum  illumination 
was  about  twice  the  maximum  in  1892. 

The  difference  between  the  illumina- 
tion in  Queen  Victoria  Street  and  in 
Whitehall  was  so  very  much  less  than  I 


Dictionary  at  different  parts  of  the 
street  seemed  to  show  that  the  hght  in 
Queen  Victoria  Street  was  rather  more 
useful,  but  the  hghting  in  Whitehall 
was  certainly  less  dazzling. 

(To  be  continued.) 


Institution   of  Municipal  Engineers 

(SOUTH  EASTERN  SECTION). 

CHAIRMAN  FOR  NEXT  SESSION. 

The  Members  of  the  South  Eastern  District  of  the  Institution  of  Municipal 
;pngineers  have  elected  Mr.  Henry  C.  Adams,  Consulting  Municipal  Engineer,  as  their 
Chairman  for  the  second  year  in  succession. 
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Association  of  Consulting  Engineers. 


A  MEETING,  presided  over  by  Sir 
William  Preece,  K.C.B.,  F.R.S.,  the 
past  President  of  the  Institution  of 
Civil  Engineers,  was  held  this  week  to 
consider  the  desirability  of  forming  an 
association  of  Consulting  Engineers, 
the  object  of  the  association  being 
(a)  to  form  a  recognized  group  of 
bona  fide  independent  consultants  who 
would  constitute  a  body  for  the  pro- 
tection of  their  interests  and  the 
interests  of  the  public  generally  ;  (6)  to 
improve  their  status  and  professional 
position,  following  the  examples  of  the 
Council  of  the  Bar,  of  the  Medical 
Council,  and  of  the  Chartered  Account- 
ants. 

The  object  of  the  meeting  was  to 
see  whether  the  general  idea  of  the 
formation  of  the  association  met  with 
the  approval  of^the  consulting  engineers 
in  this  country.  Mr.  Midgley  Taylor, 
who  presided,  in  the  absence  of  Sir 
William  Preece,  at  the  beginning  of  the 
meeting,  pointed  out  that  it  was  neces- 
sary, in  the  interests  of  the  public  as 
well  as  in  their  own,  that  the  genuine 
consulting  engineer  should  be  dis- 
tinguishable from  those  who  were 
not  genuine  consulting  engineers,  but 
had  trade  interests.  At  the  present 
time,  if  a  municipal  authority  erected 
works,  even  of  large  magnitude,  they 
were  not  compelled  to  employ  a  qualified 
man  to  advise  them,  and  there  was 
nothing  to  prevent  an  absolutely  un- 
qualified man  going  to  the  particular 


authority,  offering  his  services,  and  being 
retained.  It  was  an  anomaly  for  this 
to  be  possible  in  matters  where  public 
safety  and  the  expenditure  of  large 
sums  of  public  money  were  involved. 
In  matters  of  health,  or  law,  or  finance, 
the  safeguard  was  that  the  doctor,  or 
solicitor,  or  accountant  who  was  con- 
sulted was  a  member  of  a  recognized 
body,  and  it  was  felt  that  the  public 
should  have  the  same  protection  in 
engineering  matters. 

Mr.  Swinburne  formally  proposed 
the  creation  of  the  Association,  and 
asked  the  meeting  to  look  at  the 
matter  as  broadly  as  possible,  and  all 
work  together  for  the  one  end. 

After  some  discussion.  Sir  William 
Preece,  as  Chairman,  said  that  he  was 
in  entire  sympathy  with  the  movement. 
He  put  the  resolution  to  the  meeting 
that  the  Association  be  formed,  and  this 
was  carried  unanimously.  It  was  then 
suggested  that  the  following  gentlemen 
should  be  asked  for  form  a  Committee  : 
Messrs.  Robert  Hammond,  C.  Hunt, 
B.  M.  Jenkin,  Baldwin  Latham,  S.  R. 
Lowcock,  E.  L.  Mansergh,  W.  M. 
Mordey,  W.  H.  Patchell,  SirWm.  Preece, 
Henry  Rofe,  J.  F.  C.  Snell,  E.  H. 
Stevenson,  James  Swinburne,  Midgley 
Taylor,  Henry  Woodall. 

This  Committee  was  unanimously 
elected,  and  Mr.  A.  H.  Dykes,  of  1, 
Victoria  Street,  Westminster,  London, 
S.W.,  was  elected  as  honorary  sec- 
retary. 


Lectures  on  Law  Relating  to        Junior  Institution  of  Engineers. 

Engineering.  New  President. 

We  understand  that  the  Councils  of  Sir  J.  J.  Thomson,  F.R.S.,  Cavendish 

the  Junior  Institution  of  Engineers,  and  Professor  of  Experimental  Physics  of  the 

the  Society  of  Engineers,  have  arranged  University  of  Cambridge,  lias  been  elected 

for  a  course  of  six  fortnightly  Lectures  on  President  of  the  Junior  Institution  of 

**  Tlio  Law  relating  to  Engineering  "  to  Engineers  in  succession  to  Sir  Henry  J. 

be  delivered  by  Mr.  L.  W.  J.  Costello,  Oram,  K.C.B.,  Enginecr-in-Chief  of  the 

M.A.  LL.B.,  commencing  October  10th.  Fleet. 
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Instruction  in  Illuminating  Engineering. 

By  F.  K.  Richtmyer  (Professor  at  Cornell  University,  Ithaca,  U.S.A.) 


The  writer  has  been  much  interested 
in  the  recent  discussions  in  the  pages 
of  this  journal  regarding  the  introduc- 
tion into  our  technical  schools  and 
colleges  of  instruction  in  illuminating 
engineering.  While  there  is  much  to 
be  said  on  both  sides  of  the  question, 
the  ultimate  decision  must  be  based  on 
the  results  of  experience.  If  we  assume, 
as  do  many  writers  and  some  educators 
connected  with  engineering  schools, 
that  engineering  education  should  lie 
strictly  along  general  lines,  and  that 
all  specialization  and  professional  train- 
ing should  be  "  picked  up  "  after  the 
student  has  graduated  and  is  in  touch 
with  the  various  professional  problems 
to  be  attacked,  we  at  once  dismiss  the 
possibility  of  education  in  illuminating 
engineering,  as  such. 

If,  on  the  contrary,  we  advocate  the 
graduation,  on  a  more  or  less  general 
foundation,  of  students,  with  a  degree  in 
"Illuminating  Engineering,"  ready  to 
solve,  by  means  of  their  college  training, 
any  and  all  problems  that  may  arise, 
we  must  lay  out  a  course  of  training  so 
broad  and  so  comprehensive  that  a 
considerable  time  would  be  required 
for  its  completion.  For  the  illumi- 
nating engineer  must  not  only  be 
trained  along  hnes  of  illuminating 
engineering,  but  he  must  be  an  elec- 
trical engineer,  a  mechanical  engineer, 
a  chemist  of  no  mean  ability,  and,  in 
addition,  he  must  have  a  sense  of 
artistic  proportion  of  a  highly  spciahzed 
type.  It  would  be  hardly  possible,  in 
a  college  course  of  the  usual  length,  even 
to  touch  on  all  these  things. 

As  is  frequently  the  case  with  two 
radically  different  views,  the  correct 
one  hes  somewhere  in  between,  embody- 
ing parts  of  both.  So  it  seems  here. 
Illuminating  engineering  has  become 
commercially  too  important  to  pass 
entirely  unnoticed  by  our  general 
engineering  schools,  and  yet  the  funda- 


mental principles  of  engineering  educa- 
tion, as  interpreted  by  our  better 
universities,  are  opposed  to  too  great 
specialization. 

Perhaps  a  satisfactory  arrangement 
would  be  that  at  present  used  in 
several  universities,  namely,  to  distin 
guish  between  mechanical,  electrical, 
hydraulic,  and  marine  engineering,  &c. 
The  instruction  in  these  courses  is 
identical  during  the  first  three  years. 
In  the  fourth  or  senior  year,  students 
of  the  various  branches  diverge,  each 
class  taking  those  subjects  applying 
to  its  particular  department.  The 
obvious  result  is  that  the  embryo 
engineer  at  graduation  has  been  given 
a  general  training,  sufficient  to  make 
him  an  "all  around "  man,  and  in 
addition  he  has  received  sufficient 
specialized  instruction  so  that  he  is 
at  least  familiar  with  the  type  of  pro- 
blems appearing  in  his  own  hne,  and 
knows  in  a  general  way  the  methods 
employed  in  their  solution.  This  course, 
followed  by  two  or  three  years  as 
apprentice  to  some  reliable  engineering 
company,  seems  to  have  proven  rather 
popular,  and  while,  as  applied  to  illu- 
minating engineering,  such  an  arrange- 
ment leaves  much  to  be  desired,  it  is 
probably  the  best  compromise  under 
existing  conditions. 

Although  such  an  arrangement  as 
suggested  above  has  not  been  con- 
templated at  this  university,  never- 
theless it  might  be  interesting  to  record 
what  is  being  done  in  this  direction. 
A  two-hour-per-week  lecture  course 
(for  one  term),  given  by  Prof.  E.  L. 
Nichols  of  the  department  of  physics, 
deals  with  the  subjects  of  photometry 
and  the  physics  of  illumination  from 
the  historical  and  the  theoretical  stand- 
point. Accompanying  this  is  a  labora- 
tory course,  deahng  with  photo- 
metry and  illuminometry,  given  by  the 
writer    in    collaboration    ysith  Prof. 
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Ernest  Blaker.  A  third  course,  given 
by  Prof.  G.  S.  Maeomber,  of  the 
department  of  electrical  engineering, 
discusses  the  commercial  practice  and 
applied  theoretical  aspects  of  illu- 
minating engineering. 

The  outhne  of  the  laboratory  course 
has  already  been  given,*  and  while 
it  contains  no  material  essentially  new, 
the  character  of  the  work  done  by  the 
students  may  be  of  value  in  the  dis- 
cussion of  the  general  subject  of  in- 
struction in  illuminating  engineering, 
for  it  is  hardly  necessary  to  say  that 
the  photometer  and  its  use  are  as 
important  to  the  illuminating  engineer 
as  the  ammeter  and  voltmeter  and 
laboratory  work  in  electricity  are  to  the 
electrical  engineer. 

In  working  out  the  details  of  this 
laboratory  course  in  photometry  and 
illumination,  we  have  tried  to  keep 
constantly  before  the  student  the  fact 
that  in  practice  we  are  concerned 
fundamentally  not  with  the  candle- 
power  of  a  hght  source,  but  with 
intensity  of  illumination  which  the 
source  is  capable  of  producing  ;  that 
it  is  only  a  matter  of  operative  con- 
venience that  our  fundamental  photo - 
metrical  quantity  is  a  candle-power 
unit  rather  than  a  unit  of  intensity  of 
illumination. 

To  illustrate  the  emphasis  placed 
on  the  idea  of  intensity  of  illumination 
the  method  of  calibrating  and  using 
the  Weber  photometer  may  be  cited. 
As  defined  in  our  laboratory,  the  funda- 
mental constant  of  this  instrument  is 
"  the  intensity  of  illumination  on  the 
front  surface  of  the  test  plate  necessary 
to  cause  a  setting  of  the  comparison 
screen  at  10cm.  (or  100  mm.)." 
This  constant  is  called  Ijo-  Assuming 
the  photometer  tube  to  obey  the 
inverse  square  law,  it  is  readily  seen 
how  this  Ijo  may  be  determined  by 
placing  a  source  of  known  candle- 
power  at  a  measured  distance  in  front 
of  the  test  plate,  producing  a  known 
intensity  if  illumination  I«,  correspond- 
to  a  setting  of  the  comparison  screen 
at  r^.  Ij„  may  be  found  from 
I 

I.  10' 

♦  Ilium.  Eng.,  vol.  II.,  p.  851  (Dec,  1909). 


Conversely,  knowing  Ijo,  any  unknown 
illumination  may  be  found  from 


,,2 

10^ 


or 


I  =:'lo.l0'- 


(2) 


(3) 


where  Ix  and  represent  the  unknown 
illumination  and  the  corresponding 
photometer  setting  respectively.  And 
if  one  is  measuring  candle-power  : 


(4) 


where  Dx  represents  the  distance  be- 
tween the  test  plate  of  the  photometer 
and  the  light  source  Cx-  Note  that  the 
quantities,  i.e.  Ix,  computed  directly 
from  the  photometer  observations,  are 
intensities  of  illuminations. 

Again  suppose  we  wish  to  determine 
whether  the  scale  of  the  photometer 
is  correctly  located  with  respect  to  the 
comparison  source,  and  also  whether 
the  photometer  obeys  the  inverse 
square  law.  Assuming  to  be  the 
distance  (positive  or  negative)  between 
the  zero  of  the  scale  and  the  comparison 
source  in  the  Weber,  we  might  write 
equation  (1)  : 

I*  10^ 


(5) 


or 


1 


A  simple  mathematical  analysis  of  this 
last  equation  would  show  that  if  we 
produce  a  series  of  illuminations  Is 
on  the  test  plate  by  placing  a  lamp 
of  known  candle-power  at  different 
measured  distances  in  front  of  the  test 
plate  and  obtain  in  each  case  the  corre- 
sponding photometer  reading  r^,  then 
a  curve  plotted  in  rectangular  co- 
ordinates between  1/n/I,  and  r^  ought 
to  be  a  straight  line.  If  it  is  not  a 
straight  fine  the  tube  does  not  obey 
the  inverse  square  law,  and  suitable 
corrections  can  be  readily  made.  If 
the  curve  docs  not  pass  through  the 
intersection  of  the  co-ordinate  axes, 
the  scale  is  incorrectly  located  and  the 
"  off -set,"  or  ro,  can  be  read  directly 
from  the  curve.    Fig.  1  is  an  actual 
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curve  plotted  from  data  obtained  by 
two  students  taking  the  course.  The 
curve  is  approximately  straight,  show- 
ing that  the  photometer  tube  very 
nearly  obeys  the  inverse  square  law, 


After  doing  the  above  work  on  the 
Weber  the  student  cannot  but  realize 
that  the  quantity  measured  directly 
by  the  photometer  is  intensity  of  illu- 
mination, and  that  to  measure  candle- 
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Fig.  1.— Calibration  Curve  of  Weber  Illumination  riiotometer. 


but  that  the  miniature  incandescent  power  a  second  measurement  must  be 

lamp  used  was  mounted  approximately  made,  i.e.,  the  distance  between  the 

0.6  cm.  beyond  the  zero  of  the  scale,  light  source  and  the  test  plate  of  the 

for  which  due  correction  must  be  made  photometer, 
in  using  the  photometer.  {To  he  continued). 


Variable  Illumination. 

A  NEW  customer  may  accept  as  satis- 
factory the  assurance  that  the  live 
voltage  of  an  electric  supply  company 
will  not  vary  more  than  5  per  cent  from 
the  normal.  It  is  hardly  reasonable 
to  suppose  that  he  would  accept  with 
the  same  complacency  the  equivalent 
statement  that  his  lamps  would 
fluctuate  from  12  to  20  candle-power 
or  that  the  illumination  of  the  page 
as  he  sat  before  his  reading  lamp  would 
vary  from  1'5  to  2*5  foot-candles. — 
L.  B.  Spinney,  Elec.  Review,  N.Y., 
June  4. 


Meter  Reading  Lamps. 

Those  who  are  constantly  required 
to  read  meters,  both  gas  and  electric, 
will  doubtless  have  been  struck  by  the 
fact  that  they  are  frequently  placed 
in  some  inconvenient  dark  corner, 
and  a  glimpse  of  the  scale  can  only  be 
secured  by  striking  matches.  The  Pro- 
gressive Age  refers  to  a  convenience 
utihzed  by  meter  inspectors  in  the 
United  States,  namely,  a  portable 
storage  cell  supplying  current  to  a 
2  -  candle  -  power  small  lamp.  The 
arrangement  can  be  conveniently  carried 
in  the  coat  pocket. 
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On  the  Radiation  from  Metals. 

By  Edward  P.  Hyde. 

(Abstract  of  a  paper  presented  before  the  American  Physical  Society,  Washington,  April  22,  1910.) 

(Concluded  from  p.  450.) 


In  connexion  with  a  mathematical 
investigation  of  the  various  laws  of 
radiation  a  very  interesting  deduction 
from  the  Wien  Law  of  spectral  energy 
distribution  was  made  and  tested  experi- 
mentally. The  generalized  form  of  the 
Wien  equation  may  be  written  as 
follows  : 


AT 


in  which  A  =  wave-length,  T  =  abso- 
lute temperature  in  degress  centigrade, 
and  Ci  C2  and  a  are  constants.  For  a 
"  black  body  "  a  5.  It  has  frequently 
been  assumed  that  this  equation,  with 
different  values  of  the  constants,  may 
be  taken  to  represent  the  radiation 
from  platinum  and  other  metals. 

If  we  assume  that  this  equation  with 
different  constants  may  be  employed  to 
represent  the  distribution^  of  energy 
in  the  visible  spectrum  of  the  various 
metals,  it  is  easy  to  show  that  if  two 
filaments  are  at  a  colour  match  at  low 
temperature,  and  are  brought  again  to 
a  colour  match  at  higher  temperatures, 
the  ratios  of  the  candle-powers  of  the 
two  filaments  must  always  be  the 
same  over  whatever  range  of  tempera- 
ture the  comparisons  are  made.  This 
conclusion  results  only  if  the  constant 
"a  "  remains  constant  over  the  range 
of  temperatures.  If  instead  of  the  Wien 
equation  we  substitute  that  of  Planck 
which  is   more  rigorous  for  a  "  black 


^  The  exact  assumption  is  not  that  the  Wien 
equation  represents  the  distribution  of  energy  in 
the  visible  spectrum,  but  rather  than  it  gives  the 
ratio  of  the  energy  emitted  at  two  wave-lengths 
in  the  visible  spectrum,  taken  for  convenience  as 
far  apart  as  practicable  (say  X^O'OO,  and  \=0  5/x). 
The  experiments  described  in  subsequent  para- 
grai)h8  in  terms  of  distribution  in  the  visible 
spectrum,  or  of  "integral  colour"  were  in  every 
case  ch«!(;k(;d  siKictrophotometrically  using  two 
wave-lengths  in  the  visible  spectrum.  But  since 
the  two  methods  agrcfid  as  to  results  the  terms 
"  integral  colour  "  and  "  colour  match  "  are  used  as 
short- hand  exjjregsions  of  the  more  exact  condi- 
tions. 


body  "  the  same  deduction  follows  for 
all  ordinary  temperatures,  since  the 
measurements  are  confined  to  the  short 
wave-lengths  of  the  visible  spectrum. 

This  conclusion  seemed  to  be  verified 
quite  closely  by  the  data  which  had 
previously  been  obtained  with  another 
end  in  view.  The  experiment  was 
carried  out  anew,  however,  with  all 
three  of  the  metals,  tantalum,  tungsten 
and  osmium,  using  carbon  as  a  com- 
parison source.  For  the  first  two 
metals  mentioned  the  relation  between 
colour  and  intensity  as  compared  with 
carbon,  persisted  accurately  over  a  large 
range  of  temperature  ;  for  osmium 
some  slight  deviation  was  observed, 
such  that  if  carbon  and  osmiam  were 
brought  to  a  colour  match^  {i.e., 
as  close  as  possible)  at  low  temperature, 
and  then  again  to  a  colour  match  at  a 
somewhat  higher  temperature,  the 
ratios  of  the  candle-powers  of  the  two 
filaments  were  not  quite  the  same  at  the 
two  temperatures. 

Since  the  above  observed  relation 
was  deduced  on  the  assumption  of  the 
Wien  (or  Planck)  equation  with  "  a  " 
constant,  the  results  of  the  experiment 
indicate  that  if  the  distribution  of  energy 
in  the  visible  spectrum  is  represented 
at  any  temperature  by  the  Wien  (or 
Planck)  equation,  it  is  represented  by 
the  same  equation  with  the  same 
value  of  "  a  "  for  all  temperatures  over 
a  relatively  wide  range  for  tantalum 
and  tungsten.  The  deviations  found 
for  osmium  are  such  as  would  result 
from  a  very  small  change  in  "  a  "  with 
temperature. 

The  conclusion  that  if  the  Wien  or 
Planck  equation  (in  its  general  form) 
is  assumed  to  represent  the  distribu- 
tion of  energy  in  the  visible  spectrum 
of  tlie  metals  studied  at  any  tempera- 
ture, then  "a  "  must  remain  constant 
or  very  nearly  so  over  a  moderately 

"  See  note  under  8. 
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large  range  of  temperature,  is  in  contra- 
diction to  the  published  results  of  other 
recent  experiments^".  The  cause  of  the 
discrepancy  is  to  be  found,  quite 
probably,  in  the  fact  that  the  Wien 
equation  (which  was  assumed  in  the 
investigation  to  which  reference  is 
made)  does  not  represent  the  distribu- 
tion of  energy  accurately  throughout 
the  spectrum,  so  that  "  a  "  may  be 
considered  as  a  function  of  the  wave- 
length rather  than  of  the  temperature. 
Whether  or  not  the  Planck  equation^^ 
in  its  generalized  form  can  be  taken  as 
representing  the  energy  distribution  in 
the  spectra  of  metals  is  yet  to  be  deter- 
mined. 

From  a  consideration  of  the  published 
results  showing  "  a  "  to  vary  with  the 
temperature,  it  is  immediately  seen 
that  the  observed  values  of  "  a  "  lead 
to  an  inconsistency.  Thus,  if  Wien's 
equation  for  spectral  energy  distribu- 
tion is  assumed,  the  Stefan-Boltzmann 
law  for  the  total  emission  E=o-  T^-i 
must  follow,  since  it  is  the  integral  of  the 
Wien  equation  from  A  =  0  to  A  =  oo. 
But  the  observed  values  of  "a,"  as  for 
example  in  the  place  of  platinum,  de- 
crease so  rapidly  with  the  temperature 
that  if  substituted  in  the  Stefan-Boltz- 
mann law  they  lead  to  the  absurd  con- 
clusion that  the  total  emission  at  1 ,200° 
Abs.  is  about  2  x  10^  times  the  total 
emission  at  the  higher  temperature 
1,400  Abs. 

It  has  been  stated  that  if  the  Wien  or 
Planck  equation  with  "  a  "  greater  than 
5  (the  value  for  a  "black body  ")  repre- 
sents the  energy  distribution  in  the 
spectra  of  metals,  then  "  a  "  must  de- 
crease with  increasing  temperature,  or 
else  at  sufficiently  high  temperatures 
the  total  emission  of  the  metal  would 
be  higher  than  that  of  a  "  black  body." 
The  observed  decreasing  "  a "  was 
therefore  thought  to  be  in  accordance 
with  the  requirements  of  the  theory. 
But  apart  from  the  criticism  that  the 
observed  changes  in  "  a  "  are  so  great 
as  to  lead  to  the  absurd  conclusion  that 
the  total  emission  decreases  with  in- 
creasing temperatures,  the  theoretical 


loCoblentz,  Bureau  of  Standards  Bulletin, 
vol.  5,  No.  3,  p.  329, 1909.  Also  Elec.  World,  vol. 
52,  p.  1345, 1908. 

"P%«.  i?ey.,vol.  29,  p.  553,1909. 


conclusion  that  "  a "  must  decrease 
needs  some  consideration. 

As  stated  above,  the  Stefan  -  Boltz- 
mann  law  follows  as  the  direct  integral 
of  the  generalized  Wien  equation.  It 
also  follows  as  a  direct  integral  of  the 
generalized  Planck  equation,  but  the 
value  of  the  constant  "  fr  "  is  different 
in  the  two  cases.  As  deduced  from  the 
Wien  equation 

.7=0,  T^ 

As  deduced  from  the  Planck  equation, 
which  is 

.-a 

■  J=c.-^ — 


"  cr  "  has  the  value 

In  either  case  "  o- "  is  a  function  of 
"  a "  and  so  undergoes  change  with 
change  in  "  a"  As  a  matter  of  fact, 
at  ordinary  temperatures  (up  to  2,300 
Abs.)  and  for  ordinary  values  of  "  a  " 
(up  to  a  =  8)  a  decrease  of  "  a  "  pro- 
duces not  a  decrease,  but  an  actual 
increase  in  the  total  emission  E.  There 
is,  therefore,  no  reason,  from  the  con- 
sideration of  the  total  emission,  why  at 
ordinary  temperatures  "  a "  should 
decrease  with  increasing  temperature. 
Moreover,  it  is  not  clear  to  the  author 
why  the  burden  of  responsibility  has 
been  placed  upon  the  constant  "  a  " 
rather  than  upon  one  of  the  other 
constants  Ci,  and  C2,  both  of  which 
enter  in  the  Stefan-Boltzmann  law. 
It  might  be  argued  that  a  very  small 
increase  in  with  the  temperature 
would  prevent  the  total  emission  from 
rising  too  rapidly  in  cases  where  "  a  " 
is  greater  than  5.  It  may  be  significant 
in  this  connexion  that  changes  in  Co 
with  the  temperature  would  not  affect 
the  relation  between  colour  and  in- 
tensity which  was  employed  to  show 
that  if  the  Wien  or  Planck  equation 
represents  the  energy  distribution  in 
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the  spectra  of  metals  at  any  tempera- 
ture, the  constant  "  a  "  must  remain 
approximately  constant  at  different 
temperatures. 

From  the  data  at  hand  the  conclusion 
would  seem  to  be  that  the  Wien  equa- 
tion in  its  general  form  does  not  repre- 
sent the  distribution  of  energy  in  the 
spectra  of  metals,  at  least  of  the  metals 
platinum,  tantalum,  tungsten  and 
osmium.  The  variations  in  the  ob- 
served values  of  "  a  "  on  the  assump- 
tion of  the  Wien  equation  are  due 
probably  to  variation  with  A  (which,  of 
course,  means  that  the  equation  does 
not  represent  the  facts  even  at  any  one 
temperature)  rather  than  to  variation 
with  the  temperature,  as  has  been 
suggested.  But  since  the  Wien  equa- 
tion is  known  not  to  represent  the 
radiation  even  from  a  black  body  in  the 
longer  wave-lengths  of  the  infra-red 
spectrum,  it  is  not  surprising  that  dis- 
crepancies should  result  when  it  is 


assumed  to  apply  to  the  radiation  from 
metals.  It  is  a  matter  for  further 
investigation  as  to  whether  or  not  the 
radiation  from  metals  can  be  repre- 
sented accurately  by  the  generalized 
Planck  equation,  which  in  its  specific 
form  for  a  "  black  body  "  has  a  theoreti- 
cal basis,  and  is  verified  approximately 
by  experiment. 

From  the  theoretical  deduction, 
verified  experimentally  for  tantalum 
and  tungsten,  regarding  the  relation 
between  colour  match  and  intensity 
match,  it  follows  that  if  the  generalized 
Planck  equation  is  found  to  hold  for 
metals  at  various  temperatures,  then 
"  a  "  must  be  constant  or  quite  closely 
so,  independent  of  temperature  over 
the  range  of  ordinary  temperatures. 
The  so-called  constant  C2  may  or  may 
not  vary  as  far  as  the  above  con- 
siderations are  concerned.  Osmium 
shows  peculiar  behaviour  which  makes  it 
an  interesting  subject  for  further  study. 


The  Illumination  of  the 

When  commenting  upon  the  decorative 
illumination  of  the  exteriors  of  buildings 
at  the  Franco -British  Exhibition  in 
1908*  attention  was  drawn  to  the  fact 
that  one  plan  was  almost  invariably 
adopted  in  using  electric  light  for 
spectacular  purposes,  namely,  to  follow 
the  outlines  of  the  buildings  in  naked 
glow-lamps.  It  was  pointed  out  that 
in  the  case  of  buildings  having  a  white 
or  good  reflecting  exterior,  the  method  of 
illuminating  the  external  architectural 
features,  in  preference  to  the  exposure 
of  large  numbers  of  lamp -bulbs,  was  at 
least  worth  a  trial.  It  may  be  added 
that  this  method  has  been  followed 
in  the  United  States  by  the  illumination, 
for  advertisement  purposes,  of  the 
Singer  tower  by  arc  searchlights.! 
Another  illustration  of  this  method 


*  III.  Eng.,  Lond.,  Vol.  I.,  1908,  p.  005. 
t  III.  Eng.,  Lond.,  Vol.  I.,  11)08,  p.  739. 
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is  presented  by  the  illumination,  by 
the  A. E.G.,  of  one  of  the  buildings 
at  the  Brussels  Exhibition,  as  shown 
in  the  illustration  on  the  opposite  page. 
The  exterior  being  white  it  was  decided 
to  illuminate  the  outside  of  the  building 
by  a  series  of  concealed  glow-lamps 
and  700  50  candle-power  and  800 
25  candle-power  lamps  were  used 
for  this  purpose.  In  addition  a 
portion  of  the  building  was  outhned  in 
glow-lamps,  but  it  was  recognized  that 
it  was  unnecessary  to  use  such  big 
candle-powers  here,  and  2,000  fourteen 
volt  2  candle  -  power  miniature  lamps 
were  employed.  The  contrast  between 
the  relatively  dark  roof  and  gables 
with  the  illuminated  frontage  of  the 
house  is  said  to  be  particularly  striking. 
The  whole  represents  a  novel  departure 
in  spectacular  lighting,  and  the  general 
impression  is  said  to  be  very  "  soft^" 
and  pleasing  to  the  eye. 
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The  Effect  of  Excessive  P.D.  on  Tungsten  and  Carbon  Lamps. 


A  recent  paper  by  J.  W.  Howell  before 
the  American  Institute  of  Electrical 
Engineers  give  some  interesting  data  on 
carbon  filament  and  tungsten  lamps. 
He  suggests  that  in  general  a  metallic 
filament  lamp  will  stand  an  excessive 


voltage  better  than  a  carbon  one.  Thus 
an  increase  of  3*7  per  cent  in  the 
supply  pressure  will  halve  the  life  of  a 
carbon  lamp  while  it  requires  an  in- 
crease of  5*2  per  cent  to  have  the  same 
effect  on  a  tungsten  filament. 


I 
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The  Use  of  Inclined 

(Based  on  a  paper  read  by  M.  Greyson  de  S 

One  advantage  which  has  been  claimed 
for  the  inverted  mantle  is  the  powerful 
downward  intensity.  The  upright 
mantle,  on  the  other  hand,  was  less 
serviceable  in  this  respect,  for  the  parts 
of  the  burner  necessarily  obstruct,  to 
some  extent,  the  hght  immediately 
below  the  lamp. 

An  interesting  development,  de- 
scribed some  time  ago  in  this  journal, 
was  the  horizontal  "  Tubus  "  burner, 
which  was  claimed  to  be  specially 
serviceable  for  shop-Hghting  and  for 
other  purposes  where  it  was  specially 
desired  to  concentrate  the  hght  in  a 
downward  direction.*  It  will  also  be 
recalled  that  in  the  "  Twinlight " 
device  both  an  upright  and  an  inverted 
burner  were  utilized,  one  below  the 
other,  with  the  object  of  securing 
increased  efficiency  and  accentuating 
the  doAvnward  illumination.! 


Fig.  1.  Fig.  2. 

Ureyson  Burners  with  Inclined  Mantles  :  Single 
and  Triple  Fixtures. 


Yet  another  novelty  was  recently 
described  by  M.  Greyson  de  Schodt 
at  the  last  meeting  of  the  Soci6t6 
Technique  du  Gaz,  and  is  alluded  to  in 
The  Journal  of  Gas  Lighting.  This 
consists  in  the  use  of  inchncd  mantles. 
The  author  points  out  that  electricity 
has  enjoyed  a  great  advantage  in  the 
fact  that  incandescent  glow-lamps  can 
be  inclined  at  any  angle  ;  this  enables 
the  polar  curve  of  light  distribution  to 

*  Wum.  Eng.,  T.ond.,  July,  UK)8,  p.  582. 
I  Ulum.  Eny.,  Lond.,  Jan.,  I'JIO,  p.  63. 


Incandescent  Mantles. 

hodt  before  the  Societe  Technique  du  Gaz.) 

be  utilized  to  the  best  advantage.  M. 
Greyson  de  Schodt  utilizes  an  incan- 
descent mantle  flanked  with  a  metallic 
reflector  as  shown  in  Fig.  1,  and  the 
angle  of  inclination  can  be  varied  to 
produce  a  wide  variation  in  the  polar 
curve.  r 

However,  this  is  not  all.  It  is  also 
pointed  out  that  for  street -lighting  it 
is  very  convenient  to  use  a  cluster  of 
mantles  inclined  at  suitable  angles. 
For  street  -  hghting  the  possibihty  of 
altering  the  curve  of  light  distribution 
to  suit  the  local  circumstances  by 
adjusting  the  mantles  in  this  way  is 
regarded  as  a  special  convenience.  A 
cluster  of  this  kind  is  shown  in  Fig.  2. 
Any  one  or  more  of  these  mantles  can 


Fig.  3. 

Distribution  of  Light  from  Greyson  Burner. 
—  .  —  .      Greyson  Upright  Burner  with 
Eeflector. 

 Gratzin  Inverted  Burner  with 

Reflector. 

 Greyson  Inclined  Burner  with 

Reflector. 

be  extinguished  if  necessary,  so  that  a 
reduced  light  and  gas  consumption 
can  be  utilized  after  a  certain  time  in 
the  evening,  when  the  requirements 
of  the  traffic  are  less  severe.  Fig.  3 
shows  the  nature  of  the  polar  curve  of 
light  distribution  obtained  from  the 
inclined  and  upright  i  lantle  with  the 
reflector.  It  is  stated  that  by  the  use 
of  inclined  mantles  in  preference  to 
upright  ones  the  illumination  on  the 
pavement  can  be  increased  by  more 
than  two  and  a  half  times. 
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The  Illumination  of 

(Notes  on  the  Report  of  H.M. 

In  the  editorial  remarks  in  our  last 
number  (p.  419)  special  reference  was 
made  to  the  recently  issued  Annual 
Report  of  H.M.  Chief  Inspector  of 
Factories  and  Workshops  for  1909. 
As  explained  therein,  this  Report  was 
noteworthy  for  the  special  attention 
devoted  to  the  illumination  of  factories 
and  workshops,  and  we  take  this 
occasion  of  deahng  somewhat  more 
fully  with  this  subject. 

Previous  Legislation  on  Illu- 
mination. 

It  is  admitted  that  there  is  very  little 
definite  legislation  on  the  lighting  of 
factories  and  workshops.  The  early 
Factory  Acts,  it  is  stated,  are  silent 
on  this  point,  and  though  the  London 
Building  Act  of  1894,  the  Regulations 
for  Docks  (1904),  and  for  Locomotives 
(1906)  all  contain  certain  recommenda- 
tions for  efficient  artificial  and  day- 
light illumination,  there  are  few  detailed 
instructions  as  to  the  exact  nature  of 
what  is  necessary.  It  is,  however, 
pointed  out  that,  as  explained  in  the 
report  of  the  Conseil  d' Hygiene  de  la 
Seine  in  Paris,  to  which  reference  has 
been  previously  made  in  these  columns,* 
more  explicit  recommendations  have 
been  framed  abroad,  and  Holland  has 
even  specified  a  definite  standard  of 
illumination  of  the  order  of  1  to  1.5 
foot-candles  for  certain  trades  and  in- 
dustrial processes. 

Importance  of  Good  Illumination  in 
Factories. 

The  report  continues  : — ^"  The  im- 
portance of  adequate  lighting  in  in- 
dustrial employment  is  obvious  ;  as 
a  matter  of  safety,  especially  where 
dangerous  processes  are  carried  on  ; 
as  bearing  upon  health  in  many  ways, 
directly  and  indirectly ;  and  as  a  con- 
dition of  efficient  work.  On  the  health 
side  it  is  hardly  necessary  to  point  out 

III.  Eng.,  Lond.,  Vol.  I.,  1908,  p.  811. 


rorkshops  and  Factories. 

Inspector  of  Factories  for  1909.) 

that  inefficient  illumination  entails  risk, 
strain,  and  ultimate  damage  to  the 
fight,  even  apart  from  interference 
with  work,  or  that  it  tends  to  neglect 
of  cleanliness  and  adds  to  the  risk  of 
working  in  poisonous  materials,  or  that 
it  increases  the  need  for  artificial  light, 
which  can  seldom  be  as  satisfactory 
as  daylight." 

Yet  the  question  of  specifying  stand- 
ard conditions  of  illumination  is  beset 
with  difficulties,  and  much  investigation 
is  necessary  before  definite  recommenda- 
tions can  be  made.  Even  daylight 
illumination  varies  very  considerably 
according  to  the  climatic  conditions 
and  the  nature  of  the  interior,  and, 
although  it  is  now  possible  to  measure 
the  illumination  at  a  certain  point 
in  a  room  with  sufficient  accuracy,  it 
is  still  uncertain  what  intensity  of 
illumination  is  best  suited  for  different 
classes  of  work.  In  the  case  of  artificial 
lighting  there  are  many  other  con- 
siderations to  be  borne  in  mind.  In 
this  connexion  the  report  remarks  : 
"  As  regards  artificial  fight  other  con- 
siderations arise,  apart  from  con- 
tamination of  air  by  all  except  electric 
light  and  ventilated  gas  burners, 
namely,  the  quafity  of  the  fight  and  the 
intensity  of  the  source  from  which  it 
is  radiated,  that  is  '  glare.'  It  appears 
that  artificial  light  in  which  the  rays 
from  the  violet  (actinic)  end  of  the 
spectrum  predominate,  may  on  that 
account  be  less  efficient,  at  all  events 
for  certain  knds  of  work,  and  that 
radiation  from  a  small  but  intensely 
luminous  source,  such  as  an  unshaded 
electric  fight,  may  be  more  trying  to  the 
sight,  and  hence  less  effective,  than  the 
same  amount  of  fight  diffused  from  a 
larger  surface.  In  recent  years  much 
attention  has  been  given  to  this  subject 
by  experts,  and  many  important  papers 
have  appeared  in  The  Illuminating 
Engineer,  a  monthly  journal  devoted 
to  scientific  illumination.    The  subject 


494 


THE  ILLUMINATING  ENGINEER. 


as  affecting  industrial  employment  is 
not  one  which  admits  of  settlement  by 
a  stroke  of  the  pen,  and  close  investiga- 
tion of  the  conditions  m^U  be  necessary." 

Illumination  of  Underground 
Premises. 

A  series  of  investigations  have  recently 
been  carried  out  at  the  Factory  Depart- 
ment on  the  conditions  of  underground 
bakehouses.    It   will  be  remembered 
that  in    the   report    of    the  Conseil 
d'Hygiene  de  la  Seine  special  reference 
was  made  to  the  difficulty  of  securing 
adequate  hght  and  ventilation  in  many 
of  the  basements  in  Paris,  and  the  table 
of  results  published  in  this  report  fully 
bears  out  the  impression  that  the  Illu- 
mination in  many  cases   cannot  be 
regarded  as  adequate.    In  the  account 
of  this  work  reference  is  made  to  a 
method  of  studying  dayhght  illumina- 
tion recently  adopted  by  Mr.  P.  J. 
Waldram,  and  described  in  this  journal.* 
This  is  based  upon  the  suggestion  that  a 
certain   relation   exists    between  the 
illumination  at  a  certain  point  in  a 
given  interior  and  the  unrestricted  illu- 
mination outside,  which  is  practically 
independent  of  the  climatic  conditions. 
This  fraction,  the  "  window  efficiency," 
as  it  is  termed,  varies  very  considerably 
in  the  different   bakehouses  studied, 
being  more  than  ten  times  as  good  in 
the  best  lighted  premises  as  in  the  case 
of  the  worst.    It  may  be  added  that 
the  actual  value  of  the  intensity  of 
illumination  recorded  varies  enormously 
—from  0.011  foot  candle  to  0.236— 
being,  however,  apparently  in  all  cases 
quite    exceptionally    low.    In  bake- 
houses which  were  not  underground 
better  results  were  obtained,  but  still  not 
all  that  could  be  desired.    It  should 
be  added  that  these  figures  refer  to  the 
illumination  in  the  darkest  point  in  the 
bakehouses  at  which  work  was  carried 
on.    Figures  are  also  given  for  three 
rooms   in  the   Home   Office   on  the 
second,  third,  and  seventh  floors  re- 
spectively.   The  illumination  in  these 
three  cases  was  3.25,  0.30,  and  0.92  foot 
candle  respectively. 

A  num})er  of  inspectors  comment 
upon  the  importance  of  illumination 

♦  III.  Eng.,  Lond.,  Vol.  II.,  1973,  pp.  229,  319. 


in  these  underground  premises,  and  the 
difficulties  also  experienced  in  providing 
adequate  ventilation.  Thus  Miss  Mar- 
tindale  remarks  : — "  It  is  suggested  that 
much  might  be  gained  for  the  future 
by  systematic  observations  as  to  effect 
on  health  of  various  methods  of  light- 
ing and  construction,  and  that  con- 
sideration might  well  be  given  to  the 
age  and  physical  condition  of  workers, 
and  to  the  length  of  hours  worked  in 
places  cut  off  from  natural  light.  There 
is  a  world  of  difference  between  a  base- 
ment workroom  having  large  windows 
on  to  a  spaciou.s  area  with  south  or 
east  aspect,  and  a  deep  vaulted  room 
with  narrow  lights  on  to  a  street  pave- 
ment, sometimes  with  a  north  aspect, 
or  in  a  deep  railway  arch  where  day- 
light practically  never  penetrates." 

Miss  Slocock  also  describes  certain 
small  laundries  in  Soho  and  Mayfair  in 
which  the  conditions  as  regards  cleanli- 
ness leave  much  to  be  desired — a  state 
of  things  which  may  be  at  least  partially 
attributed  to  bad  illumination. 

Illumination  and  Eyesight. 

There  are  a  number  of  other  instances 
of  the  need  of  good  fighting  mentioned 
in  the  body  of  the  report.  Conditions 
of  space  prevent  our  referring  to  these 
in  detail.  We  may,  however,  mention 
the  report  of  Mr.  Walmsley  (Man- 
chester), who,  as  a  result  of  inquiry 
into  the  lighting  of  rooms  in  cotton  and 
textile  factories  finds  that  out  of  781 
persons  examined  16.9  per  cent,  wore 
spectacles  ;  he  adds  that  "  such  work 
must  be  trying  for  the  eyes,  consisting  as 
it  does  in  manipulating  fine  threads  all 
day  long,  drawing  them  through  the 
small  healds  and  reeds,  and  good  lighting 
is  therefore  most  desirable.  Our  powers 
in  this  direction  are  limited,  but 
occupiers  have  been  found  very  ready  to 
consider  suggestions,  and  we  have  in  this 
way  been  able  to  secure  improve- 
ments." 

We  regard  this  last  remark  as  of 
special  interest.  It  illustrates  the  truth 
of  our  contention  that  at  the  present 
time  advice  and  help  would  often  be 
valu(>d  by  those  in  charge  of  factories, 
who  would  like  to  improve  the  con- 
ditions of  lighting,  but  are  uncertain 
how  to  proceed. 
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Injury  to  eye -sight  is  also  referred 
to  by  Miss  Paterson.     In  comment- 
ing    upon     photographic  processes 
she  says  :   "  Retouchers  of  negatives 
in    photographic    workshops  appear 
to  suffer  from  injury  to  eye-sight  if  th3 
work  is  continued  too  long  at  a  time.  In 
only  one  case  of  the  twenty-two  visited 
were  the  conditions  definitely  and  con- 
clusively unsatisfactory.    In  this  place, 
the  women  and  young  persons  (five) 
were  kept  at  work  continuously  at 
retouching    by    artificial    fight.  The 
negatives  only  were  illuminated  (by 
electric  light),  the  rest  of  the  room 
being  kept  in  darkness.    The  workers 
complained  very  much  of  the  effect 
on  their  eyes ;  even  the  wearing  of  glasses 
did  not  prevent  them  from  feeling  sore 
and  aching     Good  Tghting  is  necessary 
to  this  work,  day  fight,  when  it  can  be 
Used,  being  preferred,  both  for  the  sake 
of  the  works  and  workers.    Three  or 
four  hours'  work  with  artificial  light 
appears  to  be  sufficient  to  make  the  eyes 
ache.    Glasses    which   magnify  very 
slightly  are  frequently  worn  by  the 
workers.    In  most  cases,  the  retoucher 
does  other  work  as  well,  and  when  her 
eyes  begin  to  ache  she  goes  to  other 
work." 

Temperature  and  Ventilation,  &c. 

There  are  also  trades  in  which  special 
difficulties  arise  and  have  to  be  guarded 
against.  An  instance  is  provided  by 
the  incandescent  mantle  industry.  Dr. 
T.  M.  Legge  refers  to  the  unpleasant 


effect  on  the  workers  from  the  vapour 
arising  from  the  baths  in  which  the 
mantles  are  dipped,  and  from  excess  of 
carbon  dioxide  generated  in  the  process 
of  seasoning.  Miss  Paterson  refers 
to  the  overcrowding  in  factories  of 
this  kind,  and  to  the  excessive  tem- 
peratures which  are  sometimes  found 
in  rooms. 

Safe  Handlamps  and  Plugs. 

Finally  we  may  note  that  this  report 
also  contains  some  remarks  on  the  safety 
hand  lamps.  It  will  be  recalled  that  in 
a  previous  report  a  style  of  lamp  was 
described  which  avoids  the  risk  of  shock 
associated  with  the  ordinary  arrange- 
ment ;  and  it  is  satisfactory  to  note 
that  lamps  with  the  requisite  quafifica- 
tion  in  this  respect  are  coming  into  more 
frequent  use.  The  present  report  also 
contains  a  suggestion  regarding  an 
improvement  in  insulated  plugs  from 
the  standpoint  of  safety. 

Accidents  are  also  reported  from  the 
misuse  of  naptha  lamps,  and  a  form  of 
apparatus  resembling  the  wire  gauze  in 
the  Davy  miners'  lamps  has  been 
utilized  with  effect  in  this  case.  Gauze 
of  this  kind  prevents  fire  from  an  out- 
side source  penetrating  to  the  mixture 
of  air  and  oil- vapour  within  the  vessel. 
Mr.  Newlands  (Dundee)  states  that  on 
some  occasions  he  has  seen  ether  being 
poured,  while  on  fire,  from  one  vessel 
to  another,  and  yet  the  flame  was 
unable  to  reach  the  explosive  vapour 
in  either. 


Series  Street  Lighting 

The  accompanying  illustration  shows 
a  street  in  Gary,  Indiana,  U.S.A., 
illuminated  by  tungsten  lamps  in 
series.  The  circuits  are  supplied  with 
a  constant  current  from  2200  volts 
25  cycle  secondaries.  A  feature 
of  interest  to  illumina- 
ting engineers  is  that 
the  power  is  provided  by 
the  great  blast  furnace 
gas-driven  station  in  this 
locahty,  both  gas  and 
electricity  thus  taking 
their  share  in  pro- 
viding the  requisite  illu- 
mination.    Each  lamp  is 


with  Tungsten  Lamps. 

provided  with  a  special  cut-out.  The 
posts  are  spaced  50  ft.  apart,  and  each 
carries  two  60  watt  and  one  100  watt 
lamps.  (These  particulars  are  taken 
from  The  Electrical  World  of  New  York, 
June  30th,  1910.) 
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The  Light  of  the  Fire-Fly. 

(Abstract  of  a  paper  presented  by  H.  E.  Ives  and  W.  W.  Coblentz,  at  the  third  Annual  Convention  of 
The  Illuminating  Engineering  Society  in  the  United  States,  September,  1909.) 


The  considerable  amount  of  study 
which  has  been  devoted  to  the  radiation 
from  commercial  sources  of  light  during 
recent  years,  has  been  admirably  sum- 
marized in  the  series  of  articles  which 
Dr.  W.  Coblentz  has  recently  been 
contributing  to  this  journal.  They 
lead  us  to  the  conviction  that  the 
percentage  of  energy  in  a  visible  form 
furnished  by  most  sources  is  deplorably 
low.  It  is  therefore  interesting  to 
notice  some  of  the  results  of  the  above 
two  authors  on  the  light  of  the  fire-fly, 
a  source  which  Langley  and  Very* 
long  ago  showed  to  be  extremely 
efficient. 

In  the  present  investigation,  the 
distribution  of  energy  in  the  spectrum 
of  the  light  yielded  by  the  fire-fly  was 
investigated.  In  studying  this  matter 
Langley  and  Very  relied  mainly  on 
spectro -photometric  and  radiation  tests. 
Ives  and  Coblentz,  however,  preferred 
to  utilize  a  photographic  plate,  sensitive 
to  the  whole  visible  spectrum,  and  for 
the  following  reasons. 

With  the  radiation  meter  it  is  possible 
to  measure  radiant  energy  in  the 
visible  spectrum  directly,  provided  the 
source  measured  is  steady  and  has 
sufficient  energy  to  affect  the  instru- 
ment. But  the  available  energy  must 
be  considerable,  since  instruments  of 
this  kind  are  many  thousand  times  less 
sensitive  than  the  eye  or  photographic 
plate  for  radiation  less  than  'GS/x  in 
wavelength.  With  the  spectro-photo- 
meter  it  is  possible  to  measure  the 
distribution  of  visible  radiant  energy, 
even  if  of  low  intensity,  indirectly,  by 
comparing  the  source  with  one  of  known 
energy  distribution,  provided  again 
the  source  measured  is  steady.  But 
if  the  source  measured  is  unsteady  as 
well  as  weak,  neither  method  of 
measurement  is  applicable.  For  cases 
of  this  kind  the  photographic  plate 
as  a  record  of  incident  energy  is  the 
only  resort. 

*  Am.  Jour.  8ci.,  3rd  Series,  Vol.  XL,  No.  23(5, 
]S!K).  Reprinted,  Smithsonian  Migi.  Coll.  No. 
i:5r>s,  i!>oi. 


A  number  of  peculiar  difficulties 
were  experienced  in  getting  a  sufficiently 
strong  light  from  the  insects  studied. 
It  was  at  first  attempted  to  secure 
sufficient  light  by  enclosing  a  number 
of  the  insects  in  a  small  cage  with  a 
white  wall  from  which  the  light  would 
be  reflected  into  the  slit.  It  was  soon 
found,  however,  that  flre-flies  in  cap- 
tivity quickly  lost  their  desire  to  flash, 
and  this  scheme  was  abandoned.  The 
only  satisfactory  method  proved  to  be 
to  hold  the  insects  in  the  fingers  one 
or  two  at  a  time  over  the  spectroscope 
slit.  The  best  specimens  would  flash 
as  frequently  as  every  three  seconds 
until  tired,  when  others  would  be  sub- 
stituted for  them.  Others,  after  a 
period  of  flashing,  would  yield  a  steady 
glow  of  considerable  intensity.  With 
a  fairly  wide  slit,  exposures  to  the 
fire-flies,  taking  them  as  they  came, 
amounted  to  from  two  to  six  hours. 

The  light  of  the  fire-fly  is  confined 
to  a  continuous  band  in  the  yellow- 
green,  ending  in  the  blue -green  on  one 
side,  in  the  red  on  the  other.  The 
distribution  of  energy  was  obtained 
by  a  study  of  the  photographic  plates 
thus  exposed.  In  order  to  interpret 
these  results  correctly  it  was  also 
necessary  to  carry  out  a  special  series 
of  researches  enabling  the  authors  to 
obtain  the  relation  between  density 
and  intensity  of  light ;  this  having 
been  done  it  was  found  possible  to 
compare  the  curve  of  energy  distribu- 
tion of  the  fire-fly  with  that  of  an  in- 
candescent glow-lamp  by  spectro-photo- 
metric  means. 

The  result  of  this  investigation  is 
shown  in  Fig.  1.  It  will  be  seen  how 
greatly  preferable,  from  the  standpoint 
of  light  production,  is  the  curve  of  the 
fire-fly. 

It  will  also  be  noted  that  the  maxi- 
mum of  liglit-emission  is  in  the  part 
of  the  spectrum  to  which  the  eye  is 
most  sensitive,  the  yellow  green,  at 
0'57/x  and  the  extent  of  the  spectrum 
is  from  0-5/a   to  O  Qlfx.      Very  much 
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wastefulness  of  artificial  methods  of 
light  production.  From  the  specific 
consumption  of  the  tungsten  lamp 
(1'6  w.p.s.c.)  and  the  mercury  arc 
(0*55  w.p.s.c.)  we  obtain  by  comparison 
with  the  carbon  filament  that  theii 
luminous  efficiencies  are  1*3  per  cent 
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Fig.  1. 


For  the  glow-lamp  it  is  0-43  per  cent  :  and  3*8  per  cent.    The  most  efficient 

for  the  fire-fly  96.5  per  cent,  these  artificial  illuminant  therefore  has  about 

numbers    representing    the    relative  4  per  cent  of  the  luminous  efficiency  of 

amounts  of  light  (measure  in  a  photo-  the  fire-fly. 

meter)  for  equal  amounts  of  radiated  It  must,  however,  be  remembered 

energy— a  striking  illustration  of  the  that  although  the  efficiency  of  the  fire- 


longer  exposure  might  have  shown 
greater  length. 

As  a  result  of  a  comparison  of  the 
radiation  curves  of  different  illuminants, 
the  authors  gave  the  following  figures 
for  the  percentage  of  radiation  which 
occurs  in  the  visible  form  : — 
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fly  is  so  high,  its  light  would  certainly 
be  a  very  peculiar  colour  for  ordinary 
practical  purposes.  Under  ordinary 
conditions  we  require  a  light  of  an 
approximate  white  character. 

The  most  efficient  light  for  human 
use,  taking  into  account  both  colour 
and  energy-distribution,  would  be  a 
light  similar  to  the  fire-fly  light  in 
containing  no  radiation  beyond  the 
visible  spectrum,  but  differing  from  it 
in  being  white.  It  should  possess  an 
energy  distribution  in  the  visible 
spectrum  similar  to  that  of  a  black 
body  at  about  5000°  Centigrade,  but 
falling  to  zero  sharply  beyond  the 
limits  of  visibility. 

The  authors  also  comment  upon  the 
desirability  of  studying  these  phos- 
phorescent substances  which  may 
eventually  enable  us  to  produce  sources 
of  light  vastly  more  efficient  than  those 
at  present  available. 

In    a    more    recent  contribution* 

*  Physikalische  Zeitschrif t.  No.  10, 1909,  p.  955. 


W.  Coblentz  gives  the  result  of  some 
further  experiments  on  the  phosphor- 
escent material  isolated  from  the  fire-fly. 
He  also  points  out  that  although  the 
light  yielded  therefrom  is  of  an  unsuit- 
able colour  for  ordinary  purposes,  it 
might  be  possible  to  obtain  other 
phosphorescent  substances  giving  a  light 
which  is  complementary  with  that  of 
the  fire-fly,  so  as  to  produce  a  fairly 
white  light.  The  variety  of  fire-fly 
studied  yields  light  of  a  greenish  cha- 
racter. There  are,  however,  published 
results  which  suggest  that  insects  are 
in  existence  containing  phosphorescent 
materials  which  give  red  and  blue 
light.  The  examination  in  detail  of 
the  phosphorescent  material  which 
occurs  in  these  insects  might  lead  to 
very  valuable  results  could  we  but 
produce  by  artificial  means  large 
quantities  of  similar  material.  In  this 
way  we  might  eventually  obtain  a 
substance  which  would  give  us  not 
only  a  brighter  light,  but  also  of  a 
more  serviceable  colour. 


Improvements  in 

In  a  recent  article  in  the  Elektrotechnische 
Zeitschrift  some  particulars  were  given  of 
the  working  of  the  latest  form  of  the 
Kiich  Quartz  Lamp.  This  mercury  va- 
pour lamp,  it  will  be  remembered, 
utilizes  a  special  quartz-glass  tube  by  the 
aid  of  M^hich  a  temperature  between 
5,000  and  6,000°  C,  and  a  consumption 
between  0  2  and  0*3  Watts  per  candle- 
power  (Hefner)  are  said  to  be  obtained. 
Some  description  is  also  given  of  the 
mechanism  of  the  lamp  which,  however, 
is  only  intended  for  starting  purposes,  and 
is  thus  essentially  simple  in  construction. 

When  the  lamp  is  started  sufficient 
mercury  has  to  be  volatilized  to  maintain 
the  arc,  and  the  process  of  tilting  the 
the  tube  may  be  repeated,  until  the 
correct  conditions  within  it  are  secured. 
Hut  if  the  quantity  of  air  in  the  tube 
ever  becomes  too  great  it  may  not  be 
possible  for  the  lamps  to  start  up 
properly. 

A  resistance  consisting  of  iron  wires  in 
an  atmosphere  of  hydrogen,  is  placed  in 
the  lamp-circuit  and  built  into  the  lamp 
itself.    After  burning  a  little  time  the 


the  Quartz  Lamp. 

resistance  of  the  lamp  changes,  and  is 
then  counterbalanced  by  a  corresponding 
alteration  in  the  iron  resistance.  A 
choking  coil  is  also  included  in  the  circuit 
to  compensate  for  the  effect  of  any  tem- 
porary fluctuation  in  the  supply  P.D., 
to  the  effect  of  which  the  lamp  appears 
to  be  somewhat  sensitive.  Another  in- 
teresting point  in  connexion  with  the 
lamp  is  the  variety  of  metal  used  for  the 
electrodes  let  into  the  quartz  tube. 
The  glass  has  a  zero  temperature  co- 
efficient of  expansion,  and  therefore  a 
metal  likewise  having  a  zero  temperature 
co-efficient  must  be  used  ;  a  variety  of 
nickel  steel  appears  to  satisfy  this  require- 
ment. 

The  present  100  volt  lamp  consurnes 
about  4  amperes,  and  is  credited  with 
1,200  candle-power  (Hefner).  For  volt- 
ages between  200  and  250  lamps  taking 
2  5  amperes  and  3'5  amperes,  and  giving 
1,500  and  2,000  candle-power  respectively 
are  made. 

It  is  also  stated  that  four  patterns  of 
lamps  for  indirect  interior  lighting  are 
being  constructed. 
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The  Work  of  Dr.  Carl  Auer  von  Welsbach  in  the  Field 
of  Artificial  lUuminants. 

By  Prof.  G.  S.  Barrows. 

(A  paper  presented  at  the  Third  Annual  Convention  of  the  Illuminating  Engineering  Society,  New  York, 
September  27,  28,  29,  1909 ;  abbreviated.) 


Among  the  few  names  indissolubly 
connected  with  the  development  of 
artificial  illumination,  that  of  Welsbach 
is  deservedly  prominent. 

Before  his  time  the  production  of 
light  by  means  of  a  body  rendered 
incandescent  by  the  heat  of  a  gas 
flame,  had  been  the  goal  of  many  in- 
ventors for  over  a  century,  working  on 
lines  which  differed  only  in  detail,  as 
to  the  kind  of  gas  used  (hydro-carbon, 
oxy-hydrogen,  &c.),  the  substance  to  be 
heated  (a  refractory  metal  or  oxide), 
the  form  of  the  body  and  manner  of 
applying  the  flame.  With  the  excep- 
tion of  the  Drummond  light  (an  oyx- 
hydrogen  flame  on  a  pencil  of  lime) 
none  of  the  various  lamps  was  more 
than  evanescent,  and  even  the  Drum- 
mond light  was  strictly  limited  in  its 
application. 

Dr.  Carl  Auer  Baron  von  Welsbach 
was  born  September  1st,  1858,  the 
youngest  son  of  Alois  Ritter  Auer  von 
Welsbach,  a  celebrated  typographer 
and  the  director  of  the  Court  and  State 
printing  oflice  of  Austria. 

His  chemical  studies  were  persued 
first  at  the  University  of  Heidelberg 
under  the  celebrated  Dr.  Bunsen,  and 
later  under  Prof.  Liben  at  the  Uni- 
versity of  Vienna. 

In  an  address  delivered  by  Dr. 
Welsbach  before  the  Deutscher  Verein 
von  Gas  und  Wasserfachmannern  in 
1901 ,  he  gives  an  interesting  account  of 
his  early  work,  from  which  we  may 
abstract  the  following  :  About  the  year 
1880,  while  a  student  in  the  University 
of  Heidelberg,  he  was  occupied  with 
the  chemistry  of  the  rare  earths,  being 
particularly  interested  in  the  separa- 
tion of  didymium  into  its  components — 
neodymium  and  praseodymium,  and 
the  study  of  erbium-oxide. 


It  was  the  remarkable  behaviour  of 
this  latter  rare  substance  and  its 
glowing  flame  that  particularly  drew 
his  attention,  the  peculiar  striped 
spectrum  being  very  unusual.  The 
small  beads  gathered  on  a  platinum 
loop  not  giving  a  sufficiently  bright 
spectrum,  it  occurred  to  him  that  it 
might  be  possible  to  saturate  a  piece 
of  cotton  webbing  with  a  solution  of 
the  salts,  and  then  burn  out  the  cotton, 
leaving  the  oxide  of  the  earth.  Much 
to  his  surprise,  he  found  that  this 
experiment  was  more  than  a  success, 
for  the  earths  retained  the  form  of  the 
webbing  to  an  extent  not  considered 
possible  by  him. 

The  first  mantles  were  not  made 
in  the  present  form,  but  were  produced 
by  sewing  a  piece  of  relatively  loose 
net  Webbing  into  a  cylinder,  and  then 
saturating  this  cylinder  in  the  desired 
salts.  The  first  mantle  made  in  this 
way  from  lanthanum  oxide  was  appa- 
rently perfect,  but  Welsbach  was  very 
much  disappointed  to  find,  after  a  few 
days,  that  the  mantle,  which  had  been 
carefully  put  away,  had  crumbled  to 
a  powder.  It  was  at  this  time  that  his 
skill  as  a  chemist  and  perseverance  as 
an  inventor  stood  him  in  good  stead. 
He  immediately  made  up  his  mind  to 
combine  the  lanthanum  oxide,  which 
had  high  light-emitting  qualities,  with 
another  substance  which  would  not 
slake  and  disintegrate  so  easily  by 
absorbing  water  vapour  or  carbonic 
oxide  from  the  air.  Magnesia  was 
decided  on  as  being  the  best  material 
known  at  the  time,  and  from  a  mixture 
of  lanthanum  and  magnesia  a  much 
better  mantle  than  the  first  was  made, 
which  did  not  crumble  to  dust  and 
which  gave  a  fair  light,  but  which,  after 
a  few  days'  burning,  lost  its  peculiar 
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porous  structure,  becoming  glassy  and 
also  shrinking  badly. 

This,  while  far  in  advance  of  the 
first  mantle,  was  still  a  mere  experiment, 
so  it  was  necessary  for  him  to  go  further, 
and  his  next  experiments  covered  some 
of  the  zirconium  oxides.  These  zir- 
conium mantles  gave  very  much  better 
results,  as  they  were  somewhat  more 
efficient,  and  retained  their  shape 
for  a  period  of  several  hundred  hours. 
Continuing  his  experiments  with  various 
earths,  he  was  surprised  to  find  an 
extraordinary  increase  in  the  intensity 
of  the  light  when  thorium  oxide  was 
added,  and  it  was  of  these  materials 
that  the  first  commercial  mantles  were 
made  in  the  laboratory  of  the  Uni- 
versity of  Vienna  and  exhibited  to 
the  public  in  a  lecture  before  the  repre- 
sentatives of  the  Vienna  press  in 
January,  1886. 

The  burner  was  very  awkward  in 
appearance,  having  a  very  long  bunsen 
tube,  and  a  very  high  chimney.  Lamps 
of  this  description  were  the  first  com- 
mercial lamps  placed  on  the  market, 
and  they  were  put  out  in  practically 
every  country  of  the  world  where 
manufactured  gas  was  used.  The 
efficiency  of  these  lamps  was  from  10 
to  15  candles  to  the  cubic  foot  of  gas, 
and  the  depreciation  in  candle-power 
was  considerably  greater  than  it  is 
at  the  present  time,  although  there  are 
records  of  their  early  mantles  burning 
for  a  period  of  over  20,000  consecutive 
hours,  and  giving  at  the  end  of  that  time 
an  efficiency  of  nearly  10  candles  to 
the  cubic  foot. 

The  next  few  years  were,  com- 
paratively speaking,  years  of  con- 
siderable commercial  development  in 
the  line  of  the  incandescent  gas  light. 
Dr.  Welsbach  being  employed  in  direct- 
ing the  operations  of  his  large  chemical 
la'roratory  in  Vienna,  where  the  fluid 
for  impregnation  of  the  webs  was  made 
for  all  of  the  companies  of  the  world. 

For  several  years  the  lamp  was  more 
or  less  of  a  novelty,  but  after  this 
novelty  had  worn  off,  and  it  was  seen 
that  the  efficic;ncy  of  the  lamp  was 
not  sufficiently  greater  than  that  of 
otlier  illuminating  devices  to  pay  in  any 
great  d(igrce  for  the  annoyances  ex- 
perienced by  the  breakage  and  shrinkage 


of  the  primitive  mantles,  the  demand 
for  the  lamps  fell  off  to  some  extent, 
and  for  some  time  the  fortunes  of  all 
the  incandescent  companies  were  at  a 
low  ebb.  The  fabric  base  for  the 
mantles  at  this  time  was  all  made  on  a 
stocking  knitting  machine,  knitting 
mantles  into  the  form  with  which 
we  are  familiar  now,  but  the  fluid  in 
which  they  were  saturated,  was  the 
same  fluid  that  Dr.  Welsbach  had  been 
making  at  the  first. 

The  next  improvement  which  he 
made  in  the  mantle  was  to  reinforce 
the  head  of  the  mantle  where  it  was 
gathered,  sewn,  and  attached  to  the 
mantle  carrier.  He  strengthened  the 
mantle  by  dipping  the  fabric  for  a 
short  distance  down  from  the  top  in  a 
different  solution  of  refractory  earths, 
the  oxides  of  which  had  greater  powers 
of  coherence,  and  which  became  harder 
than  the  lighting  oxide,  although  they 
did  not  affect  the  light-giving  qualities 
of  the  earths  used  in  the  manufacture 
of  the  body  of  the  mantle.  He  also 
invented  a  scheme  for  regenerating 
mantles,  that  is,  for  recoating  the 
oxide  structure  after  the  candle-power 
of  the  mantle  had  begun  to  fall  off 
with  a  solution  of  the  oxides,  particu- 
larly those  of  lanthanum.  This  re- 
generation was  to  be  accomplished 
either  by  applying  the  solution  to  the 
mantle  by  means  of  a  brush ,  by  spraying , 
or  by  allowing  the  solution  to  drip 
on  the  mantle,  and  by  capillary  action 
to  cover  all  of  the  structure.  While 
this  scheme  may  have  been  tried 
in  practice,  it  has  certainly  never  come 
into  wide  commercial  use.  An  interest- 
ing patent  granted  to  Dr.  Welsbach 
was  for  the  strengthening  of  mantles 
for  purposes  of  transportation.  He 
coated  the  finished  mantle  with  a  salt 
of  the  rare  earths,  particularly  men- 
tioning lanthanum,  and  on  subjecting 
this  recoated  mantle  to  ammonia 
vapour,  a  hydrate  was  formed  in  the 
pores  of  the  mantle,  which  made  a 
gum-like,  or  elastic  and  coherent  mass. 
This  coating  when  burnt  was  con- 
verted to  the  oxide,  and  did  not  in  any 
way  interfere  with  the  light-giving 
qualities  of  the  mantle.  At  this  time 
the  mantles  were  not  transported  in 
the  way  with  which  we  arc  familiar 
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at  the  present  time.  In  fact,  very 
few  mantles  were  sent  out  alone,  the 
general  practice  being  to  mount  the 
mantles  on  the  burners  and  take 
around  a  lamp  complete  for  installa- 
tion. When  a  mantle  already  in  use 
was  broken,  this  meant  that  not  only 
the  mantle  was  replaced,  but  the 
entire  lamp  was  replaced,  the  burner 
which  had  been  in  use  being  taken  to 
the  office  of  the  company  and  refinished 
if  necessary,  before  being  sent  out  a 
second  time. 

In  spite  of  these  various  improve- 
ments, the  business  did  not  develop, 
until  Dr.  Welsbach  by  a  fortunate 
chance,  made  a  further  discovery. 

By  accident  there  was  a  quantity  of 
raw  thorium  oxide  in  the  factory  at 
the  time  he  took  it  over.  He  worked 
on  this  material,  which  at  that  time 
was  precious  and  scarce,  and  dis- 
covered a  new  method  of  preparing 
thorium  salts — the  method  of  crystal- 
lization— which  enabled  him  to  manu- 
facture thorium  inexpensively  and  in 
large  quantities.  During  the  process 
of  crystallization,  he  noticed  the  re- 
markable phenomenon  that  the  purer 
the  thorium  became,  the  less  light  it 
would  give  off  if  formed  into  an  in- 
candescent mantle.  Continuing  the 
experiments,  he  found  that  with  the 
purest  thorium  oxide  he  could  prepare, 
the  mantle  gave  practically  no  illu- 
mination. This  convinced  him  that 
thorium  was  not  the  element  which 
of  itself  gave  the  light,  but  he  would 
find  this  element  in  the  drainings  which 
were  left  from  his  various  crystalliza- 
tions. In  the  drainings  of  the  purest 
fractions,  he  could  not  find  any  foreign 
elements,  but  working  backwards,  he 
finally  found  that  cerium  was  the  salt 
which  he  should  use,  and  it  was  not 
long  before  he  was  able  to  determine 
the  best  proportion  of  thorium  and 
cerium,  which  from  that  time  to  this 
has  been  the  standard  mixture  for 
incandescent  mantles.  This  mixture, 
as  is  well  known,  consists  of  99  per 
cent,  of  thorium  oxide  and  1  per  cent, 
of  cerium  oxide.  This  discovery  was 
made  about  1890,  and  at  once  the 
incandescent  mantle  business  began 
to  gain  in  enormous  strides.  Tlie 
factories   increased  their  outputs  in 


all  of  the  countries  of  the  world,  and 
the  incandescent  mantle  became  a 
commercial  article  in  every  sense  of 
the  word. 

There  have  been  many  explanations 
offered  for  the  extraordinary  increase 
of  light  of  thorium  oxide  when  a  small 
proportion  of  cerium  oxide  is  added 
to  it.    Dr.  Welsbach's  idea  is  that  the 
incandescent  bodies,  which  are  capable 
of  emitting  an  intensive  light  in  the 
bunsen  flame,  consists  of  a  molecular 
mixture  of  oxides.    Quoting  again  from 
his  address  :      The  principal  part  of 
these  bodies  has  got  to  remain  un- 
changed in  the  flame,  whilst  the  other 
one,  the  smaller  part,  must  have  the 
property  of  being  easily  alternately 
oxidized  and  reduced.    The  proportions 
of  these  two  elements  seem  to  depend 
on  the  pressure  under  which  they  are 
to  work  ;  for  our  atmospheric  pressure 
the  percentage  is  99  per  cent  thorium 
and    1    per   cent    cerium.    Under  a 
pressure  of  100  atmospheres,  I  suppose 
the  percentage  of  the  cerium  would 
have  to  be  larger.    The  gas  of  the 
flame  alternately  oxidizes  and  reduces 
the    incandescent    mantles    in  quick 
succession.    If  those  combinations  have 
the  property  of  combining  with  each 
other  at  a  certain  stage  of  oxidation 
of  the   variable   element   (cerium  in 
our  case),  then  they  will  have  to  fall 
apart  if  the  latter  element  changes 
into  the  other  form  of  oxide.  Assum- 
ing that  the  one  element  (cerium)  for 
instance    combines    with    the  other 
(thorium)  when  the  former  has  reached 
the  stage  of  higher  oxidation,  then  they 
must  fall  apart  if  the  cerium  is  deoxi- 
dized again,  or  has  assumed  a  lower 
stage   of  oxidation.    This  separation 
takes  place  suddenly.    The  earths  are 
most  finely  divided  and  touched  altern- 
ately by  the  oxidizing  and  reducing 
gases  of  the  flame.    If  reduction  takes 
place,   the  oxides   are  separated.  If 
oxidation  takes  place,  they  again  com- 
bine.   This  separating  and  combining 
may  occur  millions  of  times  in  a  second. 
Thus  molecular  vibrations  are  set  up 
which  are  the  cause  of  the  ether  wave 
of   the   light.    Therefore   the  incan- 
descent mantle  emits  light. 

Since  the  date  of  this  address,  there 
have  been  numerous  articles  explaining 
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the  incandescence  of  mantles,  and 
reference  is  made  to  the  above  to  state 
Dr.  Welsbach's  position  on  this  subject, 
which  I  beheve  has  not  changed. 

Dr.  Welsbach's  best-known  inven- 
tion outside  of  the  incandescent  mantle, 
has  been  the  osmium  filament  for 
electric  incandescent  lamps.  About 
1898  Dr.  Welsbach  succeeded  in  pro- 
ducing his  first  incandescent  lamp, 
which  immediately  became  of  the 
greatest  interest  to  the  scientific  world, 
because  a  metal  filament  was  satis- 
factorily employed. 

Undoubtedly,  his  success  with  the 
incandescent  lamp  influenced  him  very 
largely  in  the  experiments  which  he 
performed  to  produce  the  osmium 
filament,  for  his  first  filaments  were 
made  in  a  manner  somewhat  similar 
to  that  employed  in  making  the  in- 
candescent mantle.  He  coated  a  thin 
metallic  wire,  such  as  platinum,  in 
various  ways,  and  gradually  raised  this 
coated  wire  to  a  very  high  heat  in  a 
vacuum  or  in  a  protective  atmosphere, 
driving  off  the  platinum  in  the  form  of  a 
vapour  and  leaving  the  osmium  in  a 
coherent  thread  or  tube.  He  coated 
the  platinum  wire  in  various  ways, 
such  as — (1)  the  osmium  was  deposited 
on  the  wire  by  heating  the  wire  in  a 
reducing  atmosphere  containing  osmium 
vapour  ;  (2)  by  electric  deposition  in  a 
bath  containing  a  salt  of  osmium  ; 
(3)  by  applying  a  paste  containing 
evenly  divided  metallic  osmium.  In 
the  latter  case  it  was  necessary  to  make 
many  applications  of  the  paste  in  order 
to  get  the  required  thickness. 

Companies  for  the  manufacture  of  the 
osmium  lamp  were  formed  in  various 
countries,  but  the  lamps  never  came 
into  general  use,  although  a  number 
of  them  were  installed  and  are  still 
in  use  in  Vienna.  In  all  probability 
if  the  tantalum  and  tungsten  lamps 
had  not  been  invented,  the  osmium 
lamp  would  now  be  occupying  the 
place  held  by  these  latter  lamps.  Dr. 
Welsbach  is  certainly  the  pioneer  in 
the  field  of  metallic  filament  lamps, 
and  we  can  well  give  credit  to  him 
for  the  work  which  he  has  done  with 
the  osmium  filament,  which  lias  led 
to  the  development  of  the  other 
metallic  filament  lamps. 


Dr.  Welsbach  is  still  continuing  his 
chemical  research,  and  has  recently 
taken  out  patents  for  a  pyrophoric 
substance. 

Investigators  of  the  rare  earths  have 
long  noted  the  property  of  rare  earths 
in  giving  off  particles  when  scratched 
with  a  hard  substance  which  would 
become  ignited  in  the  air.  Dr.  Wels- 
bach investigated  this  field,  and  soon 
became  convinced  that  these  rare  earth 
metals  only  became  pyrophoric  when 
alloyed  with  other  metals,  particularly 
iron.  Nickel,  cobalt  or  manganese 
may  be  used  with  the  iron,  but  some 
iron  must  always  be  used.  The  alloy 
of  the  rare  earths  with  the  iron  is 
made  in  the  form  of  a  paste,  the  binding 
material  removed,  leaving  a  substance 
which  more  or  less  resembles  a  stone. 
This  substance  when  scratched  with 
a  sharp  piece  of  iron  or  steel  (a  file  for, 
instance),  will  give  off  sparks.  These 
sparks,  which  do  not  seem  to  have 
very  much  heat,  and  which  do  not 
produce  smoke,  may  be  given  off  in 
the  form  of  large  flames,  particularly 
when  lanthanum  is  used,  which  flames 
produced  in  the  focus  of  a  reflector, 
may  be  used  for  flashlights  for  signal 
purposes.  This,  however,  has  never 
been  done  in  practice.  When  cerium 
is  used,  smaller  sparks  are  produced, 
which  seems  to  be  better  for  the  pur- 
poses of  ignition.  The  development 
of  this  pyrophoric  material  may,  it  is 
likely  in  time,  lead  to  its  application  to 
gas  burners,  as  well  as  to  its  use  with 
cigar  lighters  and  other  portable  lighting 
appliances.  Up  to  the  present  time,  its 
use  has  not  been  a  commercial  success, 
but  its  favourable  development  is 
apparently  only  a  question  of  time. 

This  account,  necessarily  short  and 
incomplete,  may  serve  to  give  to  many 
who  only  know  him  as  the  inventor 
of  the  Welsbach  mantle,  an  idea  of  the 
many  achievements  of  Dr.  Welsbach  ; 
we  may  well  watch  with  interest  the 
research  that  he  is  now  carrying  on, 
being  assured  that  we  will  yet  gain 
from  his  investigations,  either  in  the 
field  of  illumination  by  the  generation 
or  conservation  of  the  electrical  energy, 
or  in  that  wide  field  in  wliich  lie  origin- 
ally commenced  his  work — that  of 
pure  chemical  investigation, 
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Pyrophoric  Ignition  Devices. 

By  Dr.  C.  R.  Bohm  (Berlin). 

OniC  of  the  earliest  and  most  important  by  fusion  and  electrolysis.    This  ques- 

steps  in  the  progress  of  the  culture  of  tion  was  taken  up  by  Auer,  who  applied 

nations  was  the  knowledge  how  to  for  a  patent  covering  the  use  of  alloys 

produce  and  utilize  fire  and  light.    Of  of  cerite  with  heavy  metals  and  also 

the  efforts  involved  in  the  gradual  their  manufacture.    However,  several 

development  of  facihty  in  this  direction  years  passed  before  Auer  realized  the 

we  to-day  have  only  a  very  imperfect  practical  bearing  of  this  idea.    He  was 

conception.    In   this   article   only   a  subsequently  impressed  with  the  value 

brief  reference  to  the  development  of  of  alloys  of  this  material  with  iron, 

the  tinder  box  and  early  methods  of  but  he  was  not  the  first  to  succeed  in 

kindling  fire  is  possible  ;  and  attention  producing  a  pyrophoric  kindling  device  ; 

will  be  paid  mainly  to  some  of  the  this  was  first  accomphshed  by  some 

more  important  devices  in  use  at  the  one    in    Vienna,    who    had  become 

present  day.  possessed  of  a  piece  of  the  Auer  metal , 

It  is  most  interesting  to  observe  how,  and  devised  a  pocket  kindhng  apparatus 

in  this  matter,  as  in  many  others,  we  in  a  cartridge  form.    This  led  Auer  to 

have   reverted   to   the   very  earliest  appreciate  the  importance  of  his  dis- 

methods.    Pyrophoric  devices  of  to-day  covery,  and  his  German  patent  was 

are  nothing  more  or  less  than  a  develop-  subsequently  sold  for  600,000  marks 

ment  of  the  old  tinder  box,  in  which  a  to  a  newly  formed  Company  in  Cologne, 

spark  could  be  produced  by  striking  Meantime    the    pyrophoric  kindhng 

together  appropriate   materials.    The  device  originated  in  Vienna  developed 

sparks  originally  produced  were  weak  rapidly,   and,   as   was   only  natural, 

and  uncertain,  and  failed  to  kindle  the  keen  competition  was  entered  upon 

tinder.    Subsequently  men  learnt  to  shortly  afterwards.   Since  it  was  already 

make  use  of  steel  and  pyrites,  and  by  known  that  pyrophoric  properties  were 

so  doing  produced  larger  sparks,  small  not  only  confined  to  cerite,  but  also  to 

particles  being  broken  away  and  brought  its  alloys  with  various  metals,  and  as 

to  incandescence  by  sustained  friction,  moreover  the  process  of  Muthmann 

The    modern   process    is    the   same,  and  his   students   had  already  been 

except  that  we  now  utilize  the  mineral  published,   it   was   almost  inevitable 

cerite,  which  yields  sparks  much  more  that    objections    should    be  lodged 

easily  than  steel  and  iron.    The  word  against  Auer's    patent,    and  several 

"pyrophoric,"     strictly     understood,  firms  joined  in  contesting  it.  Now  even 

means  "  seK  kindling  in  the  air,"  so  the  greatest  scholars  have  been  known  to 

that  the  use  of  this  term  to  denote  make  mistakes,  and  it  seems  possible 

production  of  sparks  by  rubbing  is  that  Auer,  who  was  originally  misled 

merely  a  later  derived  meaning.  in  the  interpretation  of  his  discovery 

In    the    Chemiker    Zeitung    (1910,  of   the   incandescent    mantle,  might 

Nos.  41  and  43)  I  have  shown  that  the  a'so  be  wrong  in  his  explanation  of  the 

existence    of    the    pyrophoric    metal  pyrophoric  quahties  of  metal  cerite. 

cerite  has  long  been  known.    The  only  In  opposition  to  all  previous  investiga- 

difficulty  lay  in  producing  the  sub-  tors  Auer  had  found  that  the  pure  metal 

stance  in  sufficient  quantity.    Muth-  cerite  did  not  possess  pyphoric  qualities, 

mann  and  his  students  have  devoted  and  that  this  effect  was  to  be  ascribed 

special  attention  to  this  problem,  and  to  the  presence  of  iron.    Yet  he  seems 

have  shown  how  larger  quantities  of  afterwards  to  have  modified  this  opinion, 

this  material  could  be  readily  produced  for  in  a  note  in  the  Journal  filr  Gas- 
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heleuchtung  und  Wasserversorgung  he 
stated  that  2  per  cent  of  iron  had  no 
effect  on  the  physical  quahties  of  pro- 
perties of  metalHc  cerite.  He  sub- 
sequently sought  yet  another  explana- 
tion of  the  pyphoric  effects  characteristic 
of  cerite,  and  was  thus  led  to  the  theory 
of  the  lower  oxides,  which  forms  the 
basis  of  more  recent  patent  applications. 

However,  the  Patent  Office  has 
recently  annulled  Auer's  second  patent 
claim  relating  to  the  manufacture  of 
cerite  alloys,  and  has  also  decided  that 
the  first  general  claim  was  limited  to 
mixtures  with  heavy  metals  in  propor- 
tions of  the  order  of  30  per  cent. 

The  use  of  Hght  metals  as  alloys  of 
cerite  is  not  mentioned  in  the  Auer 
patents,  but  has  been  been  specified  by 
Kunheim  &  Co.  But  as  a  result  of 
several  objections  this  patent  has  also 
recently  been  annulled,  so  that  to-day 
there  is  no  longer  any  monopoly  in 
pyrophoric  materials. 

A  third  possibility  of  producing 
pyphoric  substances  is  illustrated  by 
the  so-called  Lucium  Patent,  involving 
a  loys  of  cerite  with  certain  metalloids. 
The  efforts  of  Krieger  to  produce 
pyrophoric  alloys  containing  no  cerite 
have  as  yet  merely  led  to  materials 
which  only  spark  satisfactorily  under 
certain  restricted  conditions. 

In  reahty  the  question  of  the  priority 
of  inventor  of  the  pyphoric  ignition 
devices  is  a  somewhat  complicated 
one,  since,  as  we  have  seen,  a  number 
of  inventors  besides  Auer  were  early 
in  the  field,  both  in  the  production  of 


sparking  materials  and  in  the  more 
practical  problem  of  producing  a  device 
of  industrial  value.  JuHus  Pintsch 
certainly  constructed  the  first  gas- 
lighting  device  based  on  this  principle. 
The  Pintsch's  patent  thereon  was  sub- 
sequently allowed  to  lapse,  because  the 
material  available  at  this  time  deterio- 
rated in  air  and  gradually  became 
reduced  to  powder.  But  it  was  only 
afterwards  when  he  had  succeeded  in 
making  the  cerium-iron  alloy  more 
durable,  after  Richard  Kohn  in  Vienna 
had  produced  the  first  pyrophoric 
pocket  igniter,  and  Russbacher  had 
disposed  of  the  Horvath  igniting  device, 
that  Auer  recognised  the  possible  appli- 
cations of  the  metal  cerite.  It  is  rather 
remarkable  that  the  igniters  on  the 
market  in  Germany  are  still  inferior 
in  exact  workmanship  to  those  manu- 
factured in  Vienna. 

These  pocket  ignition  devices  have 
rapidly  become  very  popular,  and  will 
continue  to  hold  their  position  in  the 
future.  Already  their  competition  with 
the  match  box  is  becoming  keen,  and 
the  large  number  (about  300)  of 
different  patterns  in  use  illustrates  the 
interest  that  is  taken  in  the  subject. 
It  is  only  free  competition  that  has 
enabled  this  rapid  development  to 
take  place.  It  is  also  of  interest  to 
observe  that  the  most  recent  types  of 
gas  lighters  make  use  of  the  Kunheim 
improved  and  fairly  soft  material,  while 
the  very  durable  and  hard  Auer  mate- 
rial is  exclusively  employed  for  the 
pocket  apparatus. 


Notes  on  the  Lighting  of  an  Art  Studio. 

By  An  Engineering  Correspondent. 


It  is  a  truism  in  illuminating  engineer- 
ing that  each  problem  requires  special 
consideration.  The  lighting  of  art 
studios  is  a  very  good  example.  In 
many  polytechnics  and  institutions 
throughout  the  country  there  are  art 
classes  held  in  the  evenings  when 
artificial  illumination  is  essential.  Now 
it  is  difficult  to  imagine  a  case  in  which 
good  lighting  is  of  greater  importance. 
For  in  drawing  and  sketching  the  eye 


is  being  constantly  used  in  a  most 
exacting  manner.  The  student  must 
probably  study  the  detail  of  his  drawing 
much  more  closely,  for  example,  than 
docs  a  reader  the  printed  type  on  the 
page.  He  has  also  to  inspect  the  model 
from  which  he  is  drawing  very  carefully. 
Therefore  not  only  should  the  intensity 
of  illumination  on  his  paper  be  ample, 
but  the  illumination  of  the  model 
should  probably  be  higher  than  that 
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of  the  surroundings,  and  the  Hght 
should  come  from  the  right  direction, 
so  as  to  give  the  necessary  play  of  hght 
and  shadow.  One  might  suggest,  for 
example,  that  a  shadowless  indirect 
system  of  lighting,  however  satis- 
factory for  other  purposes,  might  here 
prove  unsatisfactory. 

However,  when  one  pays  a  visit  to 
night  schools,  where  art  classes  are 
held,  one  is  struck  by  the  varying 
standard  of  illumination  and  the 
exceedingly  different  views  that-  are 
apparently  held  as  to  the  arrangement 
of  the  lights.  This  seems  to  be  mainly 
determined  by  the  caprice  of  the 
master. 

It  therefore  occurred  to  the  writer 
that  some  notes  on  the  lighting  of  an 
art  school  which  recently  came  under 
his  notice  might  be  of  interest.  The 
dimensions  of  this  room,  42  ft.  long  by 
22  ft.  broad,  will  be  noted  in  Fig.  1. 
The  work  carried  out  consisted  mainly 
of  "  life  "  and  figure  drawing,  modelling, 
&c.  The  original  method  of  lighting 
consisted  in  four  fixed  pendant  fittings, 


O 


^Original  position  of  Gas  Points  and 

Electric  Lamps. 
—  Position  of  Electric  Light  as  finally 
adopted. 

FIO.  1. 


each  equipped  with  five  incandescent 
mantles  rated  at  50  candle-power, 
arranged  as  shown  by  the  dotted  circles 


in  Fig.  1,  the  height  from  the  burners 
to  the  floor  being  approximately  14  ft. 

Subsequently  it  was  decided  to  adopt 
electric  light,  and  three  ampere  240  volt 
Luna  Nernst  lamps*  each  equipped 
with  an  opalescent  globe,  were  installed. 
The  lamps  were  hung  15  ft.  above  the 
floor,  and  spaced  at  regular  intervals 
down  the  centre  of  the  room.  To 
these  a  fourth  unit,  consisting  of  three 
16  c.-p.  carbon  filament  glow-lamps, 
under  an  opal  shade,  was  added.  This 
was  attached  to  a  long  length  of  flex, 
so  that  it  could  be  moved  about  to 
concentrate  the  light  at  any  desired 
point,  e.g.,  to  illuminate  the  fnodel 
with  special  intensity  or  to  throw 
certain  shadows,  &c.  Experience 
showed  that  this  arrangement  was 
not  entirely  satisfactory,  partly  because 
the  failure  of  one  of  the  Nernst  lamps 
diminished  the  hght  in  that  locahty 
so  much  as  to  necessitate  a  rearrange- 
ment of  the  work-  in  the  vicinity. 
Finally  the  three  Nernst  burners  were 
collected  together  in  a  special  fitting 
under  an  enamelled  iron  shade,  36  in.  in 
diameter.  The  entire  fitting  was  hung 
by  three  iron  chains  attached  to  the 
outside  rim  of  the  shade,  these  being 
again  attached  to  a  single  chain  sus- 
pended from  a  cross  beam  in  the  roof. 
This  fitting  was  placed  at  a  height  of 
15  ft.  6  in.  above  the  floor. 

This  method  has  given  great  satis- 
faction. It  may  be  added  that  each 
of  the  Nernst  lamps  in  the  fitting  is 
separately  controlled ,  so  that  any  number 
can  be  switched  on  as  may  be  desired. 
The  hght  is  very  steady,  and  apparently 
of  a  desirable  quality  from  the  artist's 
standpoint.  In  view  of  the  great 
progress  of  the  metallic  fikment  lamp 
this  example  of  one  case  in  which  the 
Nernst  lamp  has  proved  of  value  is  not 
without  interest.  F.  H.  T. 


Aeronautics  at  the  Northamption  Polytechnic  Institute. 


The  silver  medal  offered  by  the 
Women's  Aeiial  League  to  the  best 
student  in  the  pioneer  courses  in  Aero- 
nautics, held  during  the  session  1909-10, 
has  been  awarded  to  Mr.  Duncan  George. 

Courses  of  a  more  complete  nature  are 
being  arranged  for  next  session  under  the 


supervision  of  Mr.  F.  Handley  Page.  In 
addition,  there  is  under  consideration  the 
establishment  of  full-time  day  courses  in 
Aeronautical  Engineering  extending  over 
four  years,  and  similar  to  the  well-known 
day  courses  in  Electrical  and  Mechanical 
Engineering  established  some  years  ago 
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Notes  on  the  Testing  of  Incandescent  Mantles,  Electric 
Glowlamps,    and    Arclamps,  &c. 

By  an  Engineering  Correspondent. 

(The  following  notes  are  taken  from  a  revised  copy  of  a  paper  which  secured  the  "Durham  Bursary"  for  1909-1910 
and  are  published  by  the  kind  permission  of  the  Junior  Institute  of  Engineers.  The  paper  in  question  also 
contains  a  summary  of  the  principles  of  light-production,  historical  notes  on  the  development  of  different  methods 
of  lighting,  and  a  discussion  of  photometers,  &c.,  which,  however,  will  be  familiar  to  readers  of  this  journal  from 
previous  articles  on  these  subjects.  It  is  interesting  to  note  that  a  paper  devoted  to  the  discussion  of  Illumination 
as  a  whole  should  have  been  awarded  the  Bursary  referred  to,  and  this  may  be  regarded  as  one  more  instance  of 
the  growing  desire  to  stimulate  investigations  on  all  matters  connected  with  illuminating  engineering.) 

(Concluded  from  p,  461.) 


Life  Tests  {conlinued). 

The  following  table  shows  the  life 
test  of  a  tantalum  lamp  (published  in 
The  Electrical  Field,  Vol.  1,  p.  292)  :— 


Hours. 

Candle-power 
H.K. 

Current  in 
Amps. 

Watts  per  H.K. 

0 

25-7 

•36- -38 

1-5-1-7 

5 

28-31 

•37- -39 

13-1  5 

150 

2.S-27 

•36- -38 

15-1-6 

300 

2-2-24 

•36- -38 

1-6-1-7 

500 

20-2-2 

•36- -38 

1-9-2  0 

1000 

18-20 

•35-  37 

2  1-2  2 

A  test  carried  out  by  the  Sirius  Co. 
on  a  lamp  of  their  manufacture  called 
the  "  Sirius  Colloid  "  is  given  below. 
The  lamp  is  made  by  the  "  Kuzel  " 
process,  and  the  exceedingly  homo- 
geneous filaments  produced  stand  very 
large  fluctuations  in  voltage  without 
appreciably  reducing  the  .life  of  the 
lamp.  The  test  was  published  in  The 
Electrical  Field,  February,  1909. 


Hours. 

Candle- 
power  H.K. 

Current 
in  Amps. 

Watts  per 
H.K. 

Percentage 
change  in  cp. 

0 

13-5 

0  470 

1  05 

0 

467 

12-1 

0-465 

1^11 

-10-4 

1460 

12  0 

0-470 

1-09 

4  4 

2188 

13  5 

0  470 

1  05 

0 

3103 

140 

0-480 

1^03 

3-7 

be  made.  Although  these  readings  in 
many  cases  are  very  low,  it  is  desirable 
that  their  correct  value  should  be 
obtained,  and  Fig.  5  shows  a  suggested 
arrangement  to  enable  correct  readings 
to  be  taken  with  the  lamp  in  any 
position.  A  section  of  the  holder  has 
a  pointer  P  fixed  to  it,  which  will  move 
over  the  scale  Q.  Thus  the  angles  can 
be  adjusted  for  horizontal  measure- 
ments ;  the  thread  on  which  the  holder 
turns  must  be  fine,  so  that  no  appre- 
ciable difference  is  made  in  the  leve 
of  the  lamp  when  turned  through  an 
angle.  The  slit  O  in  the  support  is 
made  as  narrow  as  possible  (but  must 
allow  the  flex  to  pass  through  easily), 
the  object  of  this  slit  is  to  enable  the 
holder  to  be  removed  without  discon- 
necting the  flex.  By  means  of  a  second 
scale  fixed  as  shown,  vertical  angles  can 
be  adjusted,  and  thus  by  fixing  the 
support  to  any  suitable  form  of  stand, 
the  lamp  can  be  turned  through  any 
angle  in  the  horizontal  and  vertical 
planes. 

An  adjustable  electric  lamp  spinner 
is  made,  in  which  the  lamp  is  con- 
tinuously rotated  in  the  horizontal 
plane,  whilst  periodic  photometric 
readings  are  taken  at  different  angles 
on  the  vertical  scale.  If  the  current 
remains  constant,  each  reading  will 
represent  the  mean  intensity  around  the 


Adjustable  Lamp-H older s. 
There  are  several  forms  of  adjustable 
lamp-holders  used  in  the  determination 
of  spherical  measurements,  by  which  the 

lamp  tested  can  be  turned  through  any  lamp  at  that  particular  angle,  and  thus 
required  angle,  but  all  the  apparatus  the  mean  spherical  candle-power  can 
for  this  purpose  has,  as  far  as  the  writer 
is  aware,  the  disadvantage  of  not 
allowing  measurements  to  be  obtained 
within  a  range  of  60°  around  the  hold 
of  the  lamps.  The  dotted  portions  of 
th(;  curves  in  Figs.  1  to  4,  indicate 
positions  where,  by  the  aid  of  such 
apparatus,  correct  readings  could  not 


be  determined  with  one  set  of  measure- 
ments. 

Tests  of  Arc-lamps. 

In  making  photometric  measure- 
ments of  arc -lamps  special  devices  have 
to  be  adopted,  the  dimensions  of  the 
lamps  in  many  cases  rendering  the 
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usual  forms  of  testing  apparatus  un- 
suitable. Photometers  are  constructed 
which  can  be  adjusted  to  any  angle 
suiting  the  position  of  the  lamp,  but 
good  readings  are  difficult  to  obtain 


spherical  candle-power  of  an  arc-lamp, 
a  diagrammatic  view  of  which  is  shewn 
in  Fig,  6,  has  been  designed  by  Dr. 
Drysdale  at  the  Northampton  Institute. 
The  lamp  is  rotated  by  means  of  a 


For  fix»nc»  to 

ANY   foRM  OF  STAND 


Fig.  5— Adjustable  Lamp  Holder. 

as  the  crater  of  the  arc  changes  in  small  motor,  and  at  the  same  time 

position,   and  consequently  increases  photometric   readings    are   taken  at 

or  decreases  the  light  intensity  at  the  different  vertical  angles  ;  thus,  as  in  the 

point  of  measurement.     A  convenient  case  of  the  lamp  spinner  previously 

arrangement  for  determining  the  mean  mentioned,  each  reading  will  represent 
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the  average  candle-power  around  the 
lamp  at  that  particular  angle  ;  the 
mean  spherical  candle-power  being 
easily  determined  from  one  set  of 
readings.  The  apparatus  is  easily 
operated,  and  the  rotation  of  the  lamp 


which  indicated  light  absorption  by  the 
globe  to  the  extent  of  9-10  per  cent.  ; 
the  globe,  however,  effects  good  diffu- 
sion of  the  light. 

In  conclusion,  the  writer  wishes  to 
state  that  allj^tests  and  experiments 


minimises  the  trouble  experienced  with 
the  crater  of  the  arc  changing  in 
position. 

Fig.  7  shows  the  polar  curve  of  an 
"  Excello  "  arc-lamp  (with  globe),  the 
tost  being  made  by  the  use  of  the  above 
arrangement  ;    tests   were  also  made 


indicated,  have  been  performed  at  the 
Northampton  Institute,  Cler  ken  well, 
E.G.,  where  information  has  also  been 
gathered  from  lectures  delivered  by 
Dr.  C.  V.  Brysdale,  and  Mr.  S.  Fields. 

F.  J.  H. 
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The  Moore  Light  Window. 


A  new  development  of  the  Moore  light 
in  the  form  of  small  units  specially 
designed  for  matching  colours  in  textile 
factories  &c.,  has  recently  been  made. 
Such  units  utilize  about  17  ft.  of  coiled 
tubing  if  in.  in  diameter,  the  tube  being 
filled  with  carbon  dioxide.  The  area  of 
the  "  Moore  Light  Window,"  as  this 
unit  is  termed,  is  about  2  square  feet. 
It  consumes  2000  watts,  and  is  pre- 
ferably run  off  220  volts  with  a  fre- 
quency of  60. 

The  advantage  claimed  for  the  carbon 
dioxide  tube  is  that  a  spectrum  closely 
approaching  that  of  daylight  is  ob- 
tained, and  it  is  stated  in  The  Illu- 
minating Engineer  of  New  York  that 
10,000  factory  hands  in  mills  in  the 
New  York  district  were  enabled  to 
work  regularly  by  the  aid  of  this  light, 


whereas  previously  they  would  have 
been  compelled  to  be  idle  on  dark  days 
and  late  in  the  afternoon. 
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The  Development  of  Inverted  Lighting. 


The  introduction  of  high  candle-power 
metallic  filament  lamps  has  led  to  a 
considerable  development  in  indirect 
systems  of  lighting.  The  method  has 
long  been  used  in  conjunction  with  arc 
lamps,  but  such  sources  are  not  always 
well  suited  to  interior  lighting  though 
they  have  been  effectively  utilized  in 
very  large  spaces.  Indirect  lighting 
by  carbon  filament  lamps  has  also  been 
practised,  but  the  loss  of  light  occasioned 
by  the  process  was  often  a  serious 
matter,  and  the  sacrifice  of  efficiency 
was  naturally  grudged  by  the  con- 
sumer. 

But  with  the  introduction  of  metallic 
filament  lamps  the  conditions  were  con- 
siderably changed.  There  was  now  no 
difficulty  in  making  lamps  of  suffi- 
ciently high  candle-power — indeed, 
in  the  case  of  fairly  high  voltages, 
such  lamps  usually  give  better 
results  than  do  small  units — and 
the  considerable  gain  in  efficiency 
rendered  the  loss  of  light  inevitably 
entailed  by  reflection  of  less  conse- 
quence. Consequently  we  find  that 
indirect  and  semi -indirect  lighting  is 
now  making  its  appearance  more  often, 
especially  in  the  United  States,  and  in 
many  forms  which  would  probably  not 
have  developed  had  only  carbon  fila- 
ment lamps  been  available. 

The  advantage  of  electric  glow- 
lamps  in  being  capable  of  use  in  any 
position  naturally  rendered  them 
specially  convenient  for  use  in  an 
indirect  manner.  On  the  other  hand, 
it  may  be  noted  that  indirect  and  semi- 
indirect  lighting  by  gas  has  also  been 
used  effectually;  for  example,  in  the 
lighting  of  certain  schools  in  Miinich. 
More  recently  the  inverted  mantle 
has  been  utilized  in  connexion  with 
indirect  fixtures,  and  an  example  of  this 
kind  of  fixture  was  recently  referred  to 
in  this  journal.*    It  may  also  be  noted 

*       Eng.,  Lond.,  May,  1910,  p.  347. 


that  a  recent  communication  by  M. 
Greyson  de  Schodt  before  the  Societe 
Technique  du  Gaz  describes  the  use 
of  inclined  burners.  If  mantles  can 
be  successfully  burnt  in  upright,  in- 
verted, and  inclined  positions — and  if, 
in  addition,  the  inclination  of  a  mantle 
in  a  fixture  can  be  adjusted  at  will,  as 
this  author  has  suggested — there  seems 
no  reason  why  gas  indirect  systems 
should  not  be  more  extensively  utihzed. 

As  regards  the  merits  of  indirect 
lighting  in  general  there  has  recently 
been  much  discussion.  Its  advocates 
do  not  fail  to  lay  stress  on  the  ad- 
vantage of  avoiding  any  possibihty 
of  glare  through  seeing  the  naked  source 
of  light.  On  the  other  hand,  some 
authorities  have  contended  that  the 
mere  exposure  to  the  eye  of  a  large 
fight  bright  surface,  such  as  is  produced 
by  inverted  methods,  is  in  itself  dis- 
tressing, and  to  some  extent  glaring, 
even  though  the  actual  brightness  of  the 
surface  may  be  relatively  low.  It  has 
also  been  suggested  that  the  absence 
of  shadow  and  uniformity  of  illumina- 
tion associated  with  some  forms  of 
inverted  fighting,  and  the  impression 
of  "  flatness  "  to  which  this  gives  rise, 
are  not  really  good  for  the  eye.  Violent 
contrast  in  fight  and  shade,  it  is  true, 
are  generally  considered  unsatisfactory. 
But  possibly  the  eye  may  also  be 
wearied  by  continuous  exposure  to 
monotonously  bright  surroundings,  and 
there  are  some  who  have  suggested 
that  a  certain  amount  of  contrast  is 
desirable,  so  that  the  eyes  may  occasion- 
ally be  rested  by  transferring  the  gaze 
to  some  surface  which  is  less  bright 
than  that  previously  observed. 

However,  with  the  greater  use  of 
indirect  methods  we  shall  no  doubt 
learn  more  fully  what  defects  must  be 
avoided.  It  has  been  suggested  that  the 
method  would  often  be  valuable  in 
conjunction     with    additional  local 
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lighting.    No  doubt   there  are  many  may  observe  that  there  is  no  question 

devices  which  would  help  to  remove  here  of  uniform  brightness.    The  effect 

the  impression  of  flatness.    When  only  is  rather  of  special  local  illumination 

a  portion  of  the  ceiling  is  effectually  and  soft  shadow. 

lighted,  it  is  even  possible  to  produce      Fig.  2,  referring  to  the  grill  room 

a  pleasing  effect  of  contrast.    Such  an  in    the    Blackstone   Hotel,  Chicago 

example  is  presentedj[by  Fig.  1,  which  {Ilium.  Eng.  of  New  York,  July,  1910), 

is  taken  from  a  recent  number  of  is  also  interesting  as  an  example  of  the 


Fig.  1.— Entrance  Way  to  Capitol,  Washington,  U.S.A. 


The  Illuminating  Engineer  of  New  use  of  indirect  fixtures  ^^ith  a  highly 
York.  It  represents  the  entrance  way  decorative  ceihng  broken  up  into 
to  the  Capitol,  Washington,  and  we    separate  panels.    It  may  be  noted  that 
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Fig.  2— Grill  Koom,  Blackstone  Hotel,  Chicago. 


in  this  case  side  brackets,  with  imitation 
candles,  were  also  used,  but  for  a  purely 
decorative  purpose.  This  seems  to 
illustrate  another  development  in  con- 
nexion with  the  indirect  system.  This 
method  may  be  employed  to  supply 
the  necessary  illumination,  and,  in 
addition,  local  lights  provided,  which 
are  not  expected  to  add  to  the  illu- 
mination to  any  very  great  extent, 
but  only  to  serve  as  decorative  objects, 
and  remove  any  impression  of  "  flat- 
ness." 

It  may  be  noted  that  in  this  hotel 
special  care  was  bestowed  on  the  light- 
ing arrangements,  and  the  president 
of  the  Blackstone  Co.,  before  deciding 
on  this  system,  made  a  tour  of  many 
of  the  chief  hotels.  He  found,  however, 
that  the  illumination  was  rarely  ade- 
quate. On  his  return  he  took  the  matter 
up  with  his  architects,  and  also  availed 
himsc^lf  of  the  services  of  expert  illu- 
minating engineers.  It  is  stated  that 
this  is  the  first  hotel  to  adopt  indirect 
illumination  on  a  large  scale. 
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Short  Notes  on  Illuminating  Engineering 

From  all  Sources. 


Criticising  the  Lighting  of  a 
Restaurant. 

At  a  recent  meeting  of  the  Illuminating 
Engineering  Society  in  the  United 
States  a  somewhat  novel  departure 
was  made.  The  members  met  together 
to  dine  at  a  new  restaurant  in  Chicago, 
in  an  informal  manner,  but  with  the 
special  object  of  examining  and  criti- 
cizing the  lighting  installation. 

The  discussion  was  opened  by  Mr. 
J.  L.  Hamilton,  the  architect  of  the 
building,  who  explained  his  ideas  in 
arranging  the  lights  of  the  restaurant. 
In  the  informal  discussion  which  after- 
wards took  place  the  two  central  light- 
ing fixtures  received  praise,  but  the 
wall  brackets  were  criticized  on  the 
ground  that  they  were  too  low  in  the 
range  of  vision  and  too  plain  in  style. 
It  was  suggested  that  they  might  pre- 
ferably have  been  placed  higher  up 
near  the  tops  of  the  columns,  and 
that  the  illumination  and  the  artistic 
appearance  of  the  room  would  have 
been  improved  had  this  been  done.  It 
was,  however,  agreed  that  the  lighting  of 
the  room  served  very  well  to  illustrate 
how  an  architect  could  attack  the 
problem  of  providing  efficient  illu- 
mination, and  yet  bear  in  mind  the 
artistic  aspects  ;  still,  much  had  still 
to  be  learnt  as  to  the  best  methods 
of  combining  these  features. 

Floating  Electric  Signs. 

Signs  of  the  Times  describes  a  depar- 
ture in  American  advertising  methods 
which  would  certainly  be  con- 
sidered startling  in  this  country.  The 
device  consists  in  displaying  large 
electric  signs  in  the  sea,  the  illuminated 
devices  being  placed  on  floats  and 
anchored  opposite  well-known  seaside 
resorts. 


The  Qualities  of  a  Good  Salesman. 

The  essentials  for  successful  sales- 
men in  the  gas  and  electric  appliance 
business  are  : — 

Neat  personal  appearance  ; 

Familiarity  with  the  conditions  in 
your  district  ; 

A  working  knowledge  of  what  you 
are  offering  for  sale  ; 

An  accommodating  spirit  ; 

Truthful  statements  ; 

Control  of  temper  ; 

The  exercise  of  extreme  care  in  the 
matter  of  promises  ; 

Gentlemanly  persistence  and  patience 
and  entire  absence  of  familiarity  either 
in  manner  or  speech. 

All  of  the  foregoing,  not  one  of  which 
is  either  burdensome  or  unreasonable, 
are  required  by  the  company  of  its 
representatives  and  will  be  rigidly 
insisted  upon. — ^K.  T.  Schick,  Prog 
Age,  June  1,  1910. 


Educating  Canvassers  in  Illu- 
minating Engineering. 

We  have  found  that  monthly  prizes 
given  to  the  canvassers  who  turn  in 
the  greatest  number  of  sales  produce 
excellent  results,  creating  a  spirit  of 
rivalry  which  is  kept  up  from  month 
to  month  throughout  the  year.  .  .  .We 
also  have  our  illuminating  engineer 
give  the  canvassers  talks  on  illu- 
mination, so  as  to  fit  them  for  better 
and  more  intelligent  work  in  the  field, 
for  the  future  of  the  illuminating  busi- 
ness depends  on  the  effective  work 
done  by  the  men.  The  hours  of  our 
canvassers  employed  in  the  store  work 
should  be  from  1  to  9  or  10  o'clock 
in  the  evening,  as  the  most  effectual 
work  can  be  done  after  dusk.  I  know 
it  would  create  a  better  feehng  towards 
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the  company  when  the  merchant  sees 
that  we  are  looking  after  his  interests 
at  the  time  when  his  hghts  are  burning. 
— R.  R.  Young,  paper  before  the 
National  Commercial  Gas  Association, 
U.S.A.  ;  Am.  Gas  Light  Jour.,  June  13, 
1910. 

A  Higher  Standard  of  Illumination 
Benefits  both  the  Electrical  and 
the  Gas  Industry. 

The  leading  factor  in  the  development 
of  the  use  of  gas  for  store  lighting  is 
the  continuing  demand  for  a  higher 
standard  of  illumination.  The  use 
of  the  tungsten  lamp  has  stimulated 
this  demand,  and  so  has  been  bene- 
ficial to  the  gas  industry.  The  future 
is  likely  to  see  a  still  greater  demand 
for  higher  illumination,  and  that  relative 
economy  of  gas  lighting  is  bound  to 
keep  it  in  control  of  a  very  large  share 
of  store  Hghting.  The  gas  company 
thus  sells  the  article  which  gives  the 
consumer  the  most  light  for  his  money, 
and  it  is  for  us  to  use  every  means  in 
our  power  in  the  way  of  good  service, 
aggressive  activity,  and  constant  watch- 
fulness, so  that  we  can  make  still  further 
advances  in  our  business.— R.  R. 
Young,  paper  before  the  National 
Commercial  Gas  Association,  U.S.A., 
Am.  Gas  Light  Jour.,  June  13,  1910. 

Data  Wanted  on  the  Best  Positions 
of  Street  Lamps. 

There  is  one  consideration  of  vital 
importance  in  regard  to  the  lighting 
of  streets  and  open  places  which  rarely 
receives  the  attention  it  deserves  from 
municipal  authorities,  and  that  is  the 

proper  placing  of  the  lamps  

Sound  practice  in  this  matter  seems 
to  be  a  thing  "overheard"  in  the  con- 
flicts of  lights  and  systems  rather  than 
reduced  to  a  recognized  order  and 
method  ;  with  the  result  that,  while 
good  work  is  done  occasionally,  and 
sporadically,  awful  examples  of  "  how 
not  to  do  it  "  are  quite  as  likely  to 
crop  up  where  the  decision  happens  to 
rest  with  individuals  who  have  not 
given  the  matter  attention,  and  arc 
incapable  of  doing  so. — The  Gas  World, 
July  2nd,  1910. 


The  Avoidance  of  Glare. 

Apropos  of  the  question  of  hght  rays 
in  their  effect  on  the  retina,  an  inter- 
esting commentary  was  afforded  at  a 
recent  pubHc  wrestling  match  in 
Chicago,  at  which  mercury  vapour 
lamps  of  high  intensity  were  used  for 
the  purpose  of  enabhng  cinematograph 
pictures  to  be  taken  of  the  exhibition. 
The  almost  bhnding  light  proved  to  be 
very  trying  to  the  eyes,  and  not  a  few 
people  complained  of  eye  fatigue  in 
consequence.  A  few  spectators,  how- 
ever, who  had  had  the  forethought 
to  provide  themselves  with  eye-shades 
suffered  no  ill  effects  to  their  eyes. 
This  is  not  recorded  as  a  reflection  on 
the  mercury  vapour  lamp,  which  has 
proved  its  extreme  value  for  many 
purposes,  but  only  to  show  the  wisdom 
of  avoiding  a  long-continued  glare  on 
the  eyes  which  will  prove  injurious  no 
matter  what  may  be  the  source  of 
illumination. 

It  is  sincerely  to  be  hoped  that  the 
study  of  illumination  will  soon  be  placed 
on  a  sounder  basis  than  it  is  at  present, 
and  that  the  first  step,  which  might 
well  be  undertaken  by  a  national  or 
international  commission,  will  be  the 
exact  definition  and  standardization 
of  an  appropriate  phraseology. — The 
Electrical  Review  (New  York),  June  11, 
1910. 

Shadow  Needed  in  Window 
Lighting. 

As  to  window  lighting.  I  do  not 
believe  there  is  any  question  that  this 
can  best  be  taken  care  of  with  small 
units  in  the  front  of  the  window.  This 
"  shadowless  "  window  lighting  is  an 
ideal  which  has  never  been  realized, 
and  you  would  not  want  it  if  you  could 
get  it.  You  must  have  shadows  ; 
we  get  shadows  under  natural  con- 
ditions of  daylight,  and  we  require 
shadows  for  the  proper  comprehen- 
sion of  proportion,  size,  and  detail. 

— N.  McBeth,  Am,  Gas  Light  Jour., 
June  13. 
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Co-operative  Lighting. 

A  CORRESPONDENT  to  a  recent  number 
'of  The  Electrical  Review  mentions 
'what  he  regards  as  an  interesting 
example  of  co-operation  in  lighting 
between  two  customers.  The  pressure 
of  supply  in  the  locality  he  refers  to  is 
240  volts,  and  two  adjoining  shops 
propose  to  run  wires  from  one  con- 
sumer's premises  and  meter  along  the 
entire  frontage,  so  as  to  run  four 
arc -lamps  in  series. 

It  would  be  interesting  to  know  how 
far  this  principle  of  co-operation  has 
been  carried  in  other  cases.  A  much 
more  radical  departure  is,  of  course,  the 
plan  followed  by  all  the  shop-keepers 
in  a  street  in  some  towns  in  the  United 
States.  In  these  cases  the  merchants 
clubbed  together  to  supplement  the 
public  lighting  of  the  streets  by  private 
lamps,  recognizing  that  the  expense 
involved  was  fully  compensated  for  by 
the  increased  traffic  and  trade  due  to 
the  improved  illumination. 


Wanted~An  Impartial  Jury. 

"  Figures  canot  he  "  {sic).  What  is 
the  poor  man  in  the  street  to  believe  ? 
We  have  a  theory  that  if  he  reads  such 
things  at  all  he  is  rather  losing  his 
temper  over  all  these  divergencies 
between  the  electrical  and  gas  cham- 
pions. In  the  beginning  he  had  the 
haziest  of  notions  as  to  which  one 
was  the  truth-teller  and  whether  the 
truth  lay  half-way  between  ;  but 
now  that  he  has  so  many  columns  on 
the  subject  put  before  him  every 
morning,  we  hope  that  some  impartial 
body  of  citizens,  bent  upon  hunting 
down  the  truth,  will  sooner  or  later  equip 
two  model  houses  (not  laboratories) 
with  the  rival  illuminants  in  strictly 
working  conditions  and  publish  the 
annual  results.  We  cannot  organize 
it,  the  gas  people  cannot  organize  it, 
but  in  the  interests  of  bewildered 
humanity  something  of  the  kind  ought 
to  be  done  forthwith. — ^From  The 
Electrical  Times,  July  21st. 
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Co-operation  between  the  Gas  and 
Electrical  Industries. 

Commenting  on  this  subject  The  Pro- 
gressive Age  remarks  : — 

"  The  industries  are  not  so  far  apart 
as  some  think.  In  1907  there  were 
329  electric  stations  which  operated  gas 
plants  and  probably  as  many  gas  enter- 
prises which  operated  or  owned  electric 
plants  ;  so  that  probably  two-thirds 
of  the  gas  industry  are  more  or  less 
interested  in  electric  plants  also.  The 
tendency  to  merge  the  two  industries 
continues,  encouraged  by  the  growing 
behef  among  both  producers  and  con- 
sumers that  competition  of  that  kind 
is  not  a  good  thing." 


The  Need  for  the  Illuminating 
Engineer. 

It  is  well  known  to  every  illuminating 
engineer  that  the  men  actually  engaged 
in  the  business  of  electric  lighting  are, 
generally  speaking,  as  indifferent  to  the 
primary  rules  of  effective  and  econo- 
mical illumination  as  the  people  who 
use  the  light.  There  is  no  need  to 
draw  up  a  formidable  code  of  rules  and 
regulations,  but  there  is  a  great  need 
for  the  propagation  of  a  few  elementary 
truths  about  the  proper  arrangement 
and  shading  of  light  sources  in  order  to 
secure  adequate  illumination  ^\ithout 
glare  and  wdthout  loss  of  candle-power. 
— Electrical  Investments,  July  6,  I9I0. 
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Renewing  Tungsten  Lamps. 


An  interesting  new  process  is  referred 
to  in  a  recent  number  of  The  Electrical 
Times  (June  23rd),  namely,  the  renew- 
ing of  old  metallic  filament  lamps. 
Various  attempts  have  been  made 
in  the  past  to  renew  carbon  filament 
lamps,  the  filaments  of  which  only 
had  given  way,  leaving  the  rest  of  the 
lamp  intact.  But  carbon  lamps  could 
be  obtained  so  cheaply,  and  tlio  cost 
of  renewal  was  therefore  so  small, 
that  it  was  difficult  to  make  the  process 
a  success.  But  at  the  present  high 
cost  of  metallic  filament  lamps  thjre 
is  a  much  greater  margin,  though  the 
technical  difficulties  are  considerable. 

It  is  stated,  however,  that  such  a  pro- 
cess is  actually  in  operation  in  the  United 


States.  According  to  this  method  a 
small  hole  a  quarter  of  an  inch  in 
diameter  is  made  in  the  pip  end  of  the 
lamp,  and  a  special  tool  is  inserted  to 
withdraw  the  broken  ends  of  the  fila- 
ment. Should  the  lamp  have  blackened, 
the  deposit  is  removed  chemically 
before  the  filament  is  treated.  Sub- 
sequently a  new  filament  is  attached 
to  the  supports  with  tungsten  paste, 
hydrogen  is  pumped  into  the  bulb, 
and  the  ends  are  welded  on  by  starting 
a  small  arc.  Afterwards  the  bulb  is 
exhausted  in  the  ordinary  way.  It  is 
stated  that  the  cost  of  renewal  will  not 
exceed  M.  per  lamp,  and  will  be  the 
the  same  irrespective  of  the  candle- 
power  and  voltage  of  the  lamp  treated. 


Illuminating  the  Eyes  through 
the  Mouth. 

This  illustration  does  not  show  a  wild 
man  eating  electric  light  fixtures,  but  an 
ordinary  man  who  is  having  his  eyes 
illuminated  by  an  electric  light  bulb 
placed  within  his  mouth.  The  apparatus 
is  known  as  the  ophthalmo-diapliano- 
scope,  and  it  is  used  to  examine  the  back 
of  the  human  eye. 

Essentially,  the  apparatus  consists  of 
a  portable  cylindrical  electric  lamp,  with 
self-contained  tube,  providing  for  water- 
cooling.  The  patient  places  the  bulb  in 
the  mouth  as  far  back  as  possible  and 
against  the  upper  wall  of  the  buccal 
cavity.  Viewing  the  pupil  of  the  eye 
from  the  front,  the  highly  illuminated 
retina  is  brought  before  the  surgeon,  who 
is  able  thus  to  diagnose  the  appearance 
of  tlie  membranes  and  pathological  con- 
ditions at  the  back  of  the  eye. 

The  mask  which  lends  such  a  ferocious 
aspect  to  the  face  is  worn  so  that  the 
iinpression  given  by  the  central  field 
of  illumination  may  not  be  impaired. — 
[Popular  Mechanics), 
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The  Public's  Complaints. 


Mr.  Chas.  L.  Barret,  in  a  recent 
paper  before  the  Pacific  Coast  Gas 
Association,  at  San  Francisco,  gives 
an  interesting  account  of  his  methods 
of  pacifying  consumers,  whose  occa- 
sional ungrounded  suspicions  against 
the  lighting  company  require  tactful 
handling. 

For  instance,  we  are  told  that  in  the 
winter  of  1908  a  public  clamour  was 
raised  against  what  was  thought  to  be 
the  poor  quality  of  gas,  low  pressure, 
and  exorbitant  charges  of  the  San 
Francisco  Company.  Eventually  a 
widely  advertised  public  hearing  before 
the  Artificial  Lights  Committee  of  the 
City  was  held,  when,  of  the  80,000 
consumers  of  the  Company  only  16 
appeared  to  complain.  However  it  is 
stated  that  the  agitation  indirectly 
achieved  good,  since  it  led  to  joint  in- 
vestigation and  report  by  a  body  of 
gas  and  electrical  experts  by  the 
"supervisors"  of  the  city.  This  report 
elucidated  many  misconceptions  on  the 


part  of  the  public,  and  its  subsequent 
circulation  did  much  to  stimulate  con- 
fidence in  the  lighting  company. 

The  paper  contains  a  number  of 
amusing  letters  from  consumers,  the 
following  being  too  good  to  be  lost  : — 

"  S.  F,  Gas  and  Elec.  Co.— Gentle- 
men,— I  wish  you  would  send  a  gas  leak 
at  your  meter. — Respectfully, — Mrs. 
P.  C." 

From  a  Chinaman  :  "  Please  you  call, 
fix  meter,  heap  stink." 

S.  F.  Gas  Co. — "  My  gas  meter  is  out 
of  order  ;  also  my  neighbour,  Mr. 
Schmidt.  Will  you  please  send  somebody 
to  fix  them  ?  " 

From  another  Chinaman:  "We  have 
been  burning  your  gas  for  so  man;y  years 
and  that  usually  to  pay  the  bill  from 
$3  to  $5  a  month  with  no  excessive  ! 
However  the  bill  claims  so  much  in  the 
future  two  months.  It  is  hardly  to 
satisfactory.  We  will  mail  these  receipt 
to  you  kindly  compare  it  at  once  whether 
its  reighteous.  Answer.  'Respectfully 
yours,  ." 


On  Educating  the  Customer. 


In  his  recent  Inaugural  Address  before 
the  Institution  of  Electrical  Engineers, 
Dr.  Gisbert  Kapp,  the  President,  drew 
attention  to  one  matter  of  considerable 
interest  to  all  engaged  in  the  sale  of 
engineering  appliances  and  especially 
applicable  to  those  engaged  in  illu- 
minating engineering. 

How  was  it,  asked  Dr.  Kapp,  that 
electrical  engineering  was  not  as  pros- 
perous as  it  might  be  ?  There  was 
progress,  but  it  was  not  fast  enough, 
and  to  accelerate  it  they  must 
educate  the  potential  users  of  electrical 
plant. 


7  - 

On  the  Continent  every  large  electrical 
engineering  firm  had  a  literary  depart- 
ment whose  business  it  was  to  educate 
possible  customers.  No  sooner  was  a 
cotton  mill  electrically  equipped  than 
well-written,  well-printed,  and  beauti- 
fully illustrated  leaflets  were  sent  out  to 
possible  clients. 

This  should  be  borne  in  mind  by 
those  engaged  in  the  sale  of  light 
or  lamps.  Progress  in  all  systems 
of  illumination  is  so  rapid  that  even 
an  expert  finds  it  hard  to  keep  in  touch 
with  the  most  recent  developments. 
How  much  more  so  the  general  public  ! 
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Novel  Electrical  Signs. 

The  illustration  of  the  sign  accom- 
panying this  note  is  taken  from  Signs  of 
the  Times  for  August  of  this  year. 

At  the  present  time,  when  illuminated 
signs  find  such  favour  as  a  means  of 
advertising,  novel  devices  are  in  this 
direction  of  rather  special  interest.  This . 
illuminated  sign  is  intended  to  represent 
a  soda  water  bottle  emptying  its  contents 
into  the  tumbler  below.  It  is  further 
stated  that  by  an  ingenious  flashing  device 
operating  various  different  coloured  lamps 
a  very  vivid  impression  that  the  liquid  is 
pouring  into  the  glass  below,  and  that  a 
succession  of  bubbles  is  rising  to  the 
surface,  is  produced.  It  is  stated  that 
this  sign  was  originally  put  up  outside  a 
chemist's  shop  in  Knoxville,  Tenn.,  in  the 
United  States,  and  the  Greenwood  Ad- 
vertising Co.,  by  whom  it  was  constructed, 
have  made  six  duplicates  of  the  design 
for  the  benefit  of  southern  American  cities. 

Another  very  interesting  sign  in  New 
York,  bearing  on  a  similar  subject,  is 
described  in  a  recent  number  of  the 
Electrical  World  (Sept.  2nd,  1909).  It 
consists  of  a  gigantic  ginger  ale  bottle  , 
outlined  in  tungsten  lamps,  and  evidently 
in  lively  effervescence.  The  mechanism 
of  the  sign  causes  it  to  make  three  dis- 
tinct flashes.  The  first  simply  shows  the 
bottle  and  the  lettering  describing  it, 
the  second  shows  the  effect  of  the  cork 
being  "  popped  "  and  the  contents  of  the 
bottle  shooting  into  the  air  ;  the  third 
shows  the  liberated  liquid  foaming  down 
the  neck  of  the  bottle.  The  lower 
portion  of  the  sign  is  stated  to  be  15  ft. 
high  and  45  ft.  long,  and  thus  makes  an 
effective  advertisement  by  day  as  well 
as  by  night.  Over  3,000  lamps  are  stated 
to  be  made  use  of  in  this  sign. 


A  Chauffeur's  Head  Lamp. 

A  RECENT  number  of  Popular  Mechanics 
refers  to  the  development  in  the  United 
States  of  a  small  electric  "  head-lamp  "  for 
the  use  of  the  chauffeur.  When  the  latter 
is  obliged  to  creep  beneath  the  car  and 
to  examine  machinery  in  out-of-the-way 
corners,  his  hands  are  usually  occupied 
and  he  cannot  conveniently  carry  a 
lamp.  This  difficulty  is  met  by  the 
use  of  a  small  electric  glowlamp  fitted 
with  a  reflector  which  is  strapped  on  to  the 
for(^head,  and  is  fed  from  the  accumulators 
on  the  car.  In  this  way  light  is  thrown 
in  any  direction  in  which  the  eyes  are 
(lirc^^ted,  and  there  is  no  possibility 7of 
glare. 
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TRADE  NOTES. 

[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  inforraafion  supplied  by  the  makers,  will,  it  is  hoped' 
serve  as  a  guide  to  recent  Coinmercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


Incandescent  Oil  Table  Lamps  and  Pendants. 


The  arrival  of  the  inverted  mantle  has 
been  of  considerable  service  to  oil-lighting, 
and  in  country  districts  where  gas  and 
electricity  are  not  available  the  more 
powerful  light  yielded  by  the  oil-fed  in- 
verted mantle  is  particularly  serviceable. 

The  accomj)anying  illustrations  refer 
to  two  "  Blanchard  lamps  of  this  kind 
constructed  by  the  Gas  Economising  and 
mpro  ved  Light  Syndi- 
cate,  Ltd.  (151,  Farring- 
don  Road,  London, 
E.G.). 

Fig.  1  represents  the 
j  Blanchard  Safety  Table 
Lamp,  burning  paraffin 
with  an  inverted  mantle. 
The  lamp  is  quite  port- 
able, and  the  mantle, 
completely  enclosed,  is 
stated  to  give  an  excel- 
lent light,  jDroviding 
1,000  candle  -  power- 
hours  at  a  cost  of  less 
than  a  penny.  In  addi  - 
tion  the  lamp  is  claimed 
to  be  exceptionally  safe 
and  easy  to  manage, 
and  is  not  readily 
affected  by  its  being  in- 
advertently tilted  or 
shaken. 

Fig.  2  shows  a  hanging  lamp  of  the  same 
kind.  This,  too,  can  be  easily  removed 
and  installed  in  different  positions,  being 
only  dependent  on  the  fuel  in  the 
receptacle  above  the  lamp.    These  lamps 


can  also  be  very  easily  and  conveniently 
fitted  with  silk  shades  above  the  reflector. 


Fig.  1. 


of 


fringes 

drawing-rooms 


Fig.  % 

beads,  &c., 
&c. 


for  dining  and 


We  are  informed  that  the  London  & 
North-Western  Railway  have  accepted 
the  tender  of  William  Geipel  &  Co., 
Vulcan  Works,  St.  Thomas  Street,  London, 
S.E.,  for  the  s.upply  of  Henrion  Arc  Lamp 
carbons  during  the  year  ending  June  30th, 


1911,  for  the  whole  of  the  company's 
requirements,  the  total  annual  con- 
sumption amounting  to  1,373,000  carbons. 

The  above  is  a  renewal  of  last  year's 
contract. 
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Excello  Flame  Arc-lamps. 

Fbom  the  Union  Electric  Co.  Ltd.  (Park 
Street,  Southwark,  E.G.),  we  receive 
copies  of  the  most  recently  issued  lists 
relating  to  Excello  arc-lamps.  Particu- 
lars are  again  given  of  the  deposit -free 
covers  used  with  these  lamps  ;  special 
reflectors  for  docklighting  and  shop 
illumination  and  inverted  designs  are 
also  shown.  Attention  is  drawn  to  the 
self-contained  automatic  switches  and 
imjDroved  compensating  devices  used 
with  these  lamps.  From  the  same  com- 
pany we  also  receive  particulars  of  the 
hand-fed  "  Kino  cinematograph  pro- 
jection lamp  using  one  horizontal  and  one 
inclined  carbon,  and  of  the  "  Fortiter 
three-phase  motor  starters. 


Another   Osram  Innovation. 

Certain  Osram  Lamps  which  have  been 
in  use  for  street  lighting  in  various  parts 
of  the  country  are  said  to  have  lasted  an 
exceedingly  long  time.  It  is,  however, 
interesting  to  record  that  occasionally  the 
metal  caps  have  been  found  to  become 
actually  eaten  away,  through  prolonged 
exposure  to  the  elements,  before  the 
filaments  had  failed. 

We  now  learn  from  the  manufacturers 
that  on  this  account  they  have  decided 
in  future  to  supply  high  Candle-Power 
Osram  Lamps  with  practically  indestruc- 
tible plated  copper  caps  instead  of  brass 
as  heretofore.  It  is,  indeed,  remarkable 
that  the  filament  should  outlast  the  cap 
in  the  manner  recorded,  but  we  under- 
stand that  such  has  proved  to  be  the 
case  on  many  recent  occasions. 


Messrs.  Siemens  Lamp  Works 
Annual  Outing. 

On  Saturday  last  over  500  employees  of 
Messrs.  Siemens  Bros,  visited  Brighton, 
leaving  London  Bridge  at  7  o'clock  by 
special  train,  for  their  second  annual 
outing.  Luncheon  was  provided  by  the 
company  in  the  Hall  of  the  Aquarium  at 
12-30,  followed  by  a  musical  programme 
of  an  attractive  character,  and  the  rest  of 
the  day  was  of  a  most  enjoyable  character. 
A  vote  of  thanks  to  the  committee  and  Mr. 
Hicks,  the  Secretary,  for  the  general 
success  of  the  outing,  was  proposed  by  Mr. 
Holmes  and  carried  with  acclamation. 


Excello  Dockyard  Lamp. 

New  Type  of  Tantalum 
Lamp. 

We  are  informed  that  Messrs.  Siemens 
Bros,  Dynamo  Works,  Ltd.  (Tyssen  Street, 
Dalston,  London,  N.E.),  are  now  placing 
on  the  market  a  new  type  of  tantalum 
lamp  in  a  tubular  bulb,  100-130  volts, 
25  c.-p.,  for  single  or  series  burning,  at  a 
list  price  of  3s.,  subject  to  the  usual  terms 
and  discount.  The  overall  length  is  6\ 
inches  and  the  diameter  1^  inches. 

It  is  stated  that  these  lamps  will  burn  at 
r?  watts  per  c.-p.,  and  will  be  serviceable 
alike  for  direct  and  alternating  currents. 
It  is  anticipated  that  they  will  be  of 
considerable  value  for  Strip  Light  Rejec- 
tors for  Shop  Windows. 
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Illumination  and  Photometry. 

By  W,  E.  Wickenden,  Asst.  Professor  of  Electrical  Engineering,  Massachusetts 

Institute  of  Technology,  U.S.A. 

{The  Hill  Publishing  Co.,  Ltd.,  6,  Bouverie  Street,  Londo?i,  E.G.) 


The  publication  of  such  books  as  this 
dealing  with  illumination  and  photometry 
illustrates  the  growing  recognition  that 
this  subject  deserves  special  treatment. 
The  author  explains  that  this  work 
is  intended  to  serve  as  a  text-book 
on  the  subject  and  as  a  help  to  the 
student  anxious  to  gain  an  up-to-date 
general  knowledge  of  recent  developments, 
rather  than  for  the  expert  in  illuminating 
engineering. 

Chapters  I.  and  II.  deal  with  funda- 
mental conceptions  regarding  the  pro- 
duction and  propagation  of  light,  the 
reflecting  powers  of  different  surfaces, 
&c.,  and  a  table  of  luminous  efficiencies, 
due  to  Lux,  is  presented.  Definitions  are 
also  given  of  the  chief  terms  and  quantities 
used  in  illuminating  engineering,  lumin- 
ous intensity,  luminous  flux,  illumina- 
tion, &c.  The  author  uses  the  term 
"  luminosity  "  to  express  what  is  perhaps 
preferably  termed  "surface  brightness.'^ 
A  table  is  given  connecting  the  values  of 
the  chief  light  standards,  and  reference  is 
made  to  the  decision  arrived  at  between 
England,  France,  and  the  United  States 
last  year  on  the  subject  of  the  inter- 
national candle.  In  a  future  edition  the 
author  might  profitably  include  at  this 
point  a  table  connecting  the  various  units 
of  intensity  of  illumination,  similar  to 
that  recently  published  by  Dr.  B. 
Monasch  in  this  journal.* 

Chapter  III.  contains  a  brief  but  up-to- 
date  description  of  the  chief  standards  of 
light. 

ChajDter  IV.  contains  a  summary  of 
hygienic  points,  and  concludes  with  a 
series  of  succinct  recommendations.  The 
importance  of  avoiding  flickering,  un- 
steady lights,  or  anything  in  the  nature  of 
glare,  is  insisted  upon,  and  it  is  recom- 
mended thatsources,the  intrinsic  brilliancy 
of  which  exceeds  5  c.-p.  per  square  inch, 
should  preferably  not  be  used  in  interiors, 
and  that  all  lights  sending  rays  to  the  eye 
at  angles  of  more  than  60  degrees  below 


*  Ilium.  Eng.,  Lond.,  Vol.  II. 


p.  742. 


the  horizontal  should  be  effectively 
screened. 

Chapter  V.  refers  to  the  calculation  of 
photometrical  quantities,  including  mean 
spherical  candle-power,  and  an  account 
is  given  of  the  methods  of  Kenelly, 
Wohlauer,  and  others.  Chapters  VI.  and 
VII.  deal  with  photometers.  A  descrip- 
tion is  given  of  several  of  the  best -known 
instruments,  such  as  the  Lummer-Brod- 
hun,  and  several  flicker  types  are  also 
described.  Some  account  is  also  given  of 
illumination  photometers.  In  a  future 
edition  this  section  might  profitably  be 
extended  to  include  some  of  the  most 
recent  European  designs  of  these  instru- 
ments. 

Several  chapters  are  devoted  to  electric 
and  gas -lighting.  The  former  section  is 
dealt  with  in  a  comprehensive  and  up-to- 
date  manner.  In  the  section  of  gas- 
lighting  we  should  certainly  like  to  have 
seen  more  mention  of  the  high  pressure 
installations  which  form  an  important 
feature  of  street  lighting  in  Europe.  We 
might  also  suggest  that  the  study  and 
measurement  of  daylight  illumination 
might  receive  a  little  more  attention. 

The  remaining  portions  of  the  book 
deal  in  a  general  manner  with  the  calcula- 
tion of  illumination,  and  some  sound 
advice  is  given  regarding  the  planning  of 
installations. 

To  deal  with  all  the  matters  included 
under  the  heading  of  '  Illumination  and 
Photometry  in  a  work  of  about  200  pages, 
even  in  a  cursory  manner,  is  naturally  no 
easy  task,  and  while  we  have  suggested 
a  few  respects  in  which  additions  to  this 
work  might  profitably  be  made  in  a  future 
edition,  without  unduly  swelling  its  size, 
we  recognize  that  Professor  Wickenden 
has  been  able  to  cover  a  very  wide  range 
of  subjects  in  the  space  at  his.  disposal. 
We  do  not  doubt  but  that  the  work  will  be 
appreciated  by  students  and  others 
wishing  to  make  a  rapid  siu-vey  of  the 
subject.  The  explanations  seem  lucid, 
and  the  tables  and  diagrams  are  clear  and 
satisfactory,  _ 
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The  Manufacture  of  Incandescent  Mantles. 

{Die  Fabrikation  der  Gliihkorper  filr  Gasgliihlicht.    By  Dr.  C.  R.  Bohm,  Halle. 
Germany,  1910,  Verlag  von  Wilh.  Knapp.) 


This  work  contains  about  450  pages.  It 
is  intended  as  a  thoroughly  practical 
treatise,  enabling  those  engaged  in  tlie 
manufacture  of  incandescent  mantles  to 
gain  a  comprehensive  insight  into  the 
technical  development  of  the  mantle 
and  the  conditions  which  govern  the 
industry  at  the  present  time.  The 
author's  intentions  in  this  respect  may  be 
said  to  have  been  well  fulfilled.  He  has 
been  very  successful  in  reviewing  the 
immense  number  of  patents  of  different 
countries  bearing  on  this  subject,  and 
especially  in  presenting  the  somewhat 
tedious  details,  of  which  such  patents 
frequently  consist,  in  an  interesting  and 
attractive  form.  It  may  be  added  that 
the  work  contains  in  all  431  illustrations 
and  8  tabl' 


Among  the  many  sections  of  the  subject 
dealt  with  may  be  mentioned : — 

The  raw  materials,  their  applications, 
and  the  most  important  processes  con- 
nected with  the  rare  earths  ;  the  manu- 
facture of  mantles,  including  an  exact 
description  of  the  various  stages  and  pro- 
cesses involved  ;  the  burning  off  process, 
and  the  mechanical  devices  entailed  in  the 
process  of  manufacture  ;  the  most  im- 
portant chemical  and  physical  researches, 
and  the  laboratory  study  of  the  mantle. 

The  work  concludes  with  a  compre- 
hensive subject  and  authors'  index  bearing 
upon  patents  on  this  subject,  and  can  be 
recommended  to  all  who  are  concerned 
with  the  mantle  industry. 

W.V, 


Colour  Blindness  and  Colour  Perception. 


By  F.  W.  Edridge  Green,  M.D.,  F.R.C.S. 

(!Jessrs.  Kegan  Paul,  Trench,  Truhner  <Sc  Co.,  Ltd.,  Dryden  House,  43,  Gerrard 

Street,  Soho,  London,  W.) 


In  the  preface  to  the  first  edition  of  this 
work  the  author  explains  that  he  has 
verified  his  theory  of  colour  perception 
by  tests  of  116  colour-blind  persons  of 
various  kinds  ;  many  of  these  cases  are 
described  in  this  book.  We  have  heard 
a  great  deal  about  colour-blindness 
recently  and  those  who  have  been  some- 
what bewildered  by  the  conflicting  views 
of  difierent  authorities  will  find  Dr. 
Edridge  Green's  book  of  considerable 
interest.  With  one  of  his  statements  in 
the  preface  to  the  second  edition  readers 
of  this  journal  will  doubtless  find  them- 
selves in  cordial  agreement — "What  we 
want  to  get  at  is  the  truth.  Never  mind 
who  finds  it  out.'^ 

In  tlie  opening  chapters  the  author 
explains  his  tlieory  of  colour  vision, 
some  reference  to  which  has  recently  been 
made  in  this  journal,*  and  also  gives  a 
sliort  summary  of  other  well-known 
tlieori(!8.  in  passing  it  is  interesting  to 
note  tjiat  Dalton  discovered  that  ho  was 
(;olour-}jlind  by  observing  tJiat  a  variety 
of  geranium,  whicli  to  other  peoi)le 
app(;ared  pink  both  by  day  and  artificial 

♦  Ilium.  Eufj.,  Lond.,  Vol.  II.,  11)09, pp. 210, 741. 


light,  appeared  to  him  blue  in  the  day- 
time while  by  candle  light  there  was  no 
trace  of  this  colour.  Thus  at  the  outset 
we  have  an  illustration  of  the  value  of  a 
comparative  test  by  daylight  and  artificial 
light  as  a  means  of  detecting  colour  blind- 
ness. 

Dr.  Edridge  Green  proceeds  to  analyse 
the  various  conditions  which  may  result 
in  peculiarities  of  colour  vision.  He  re- 
gards the  series  of  six  distinct  colours 
which  the  normal  person  can  detect  as  a 
"psycho-physical'^  series.  The  ability 
to  analyse  and  discriminate  between  the 
different  units  in  the  series  is  located 
in  a  special  centre  of  perception  in  the 
brain.  There  are  many  interesting  and 
curious  facts  mentioned  by  the  author  to 
illustrate  this  suggestion.  For  example, 
that  colour  blindness  accompanies  certain 
forms  of  insanity,  and  that  it  can  be 
produced  hypnotically.  But  the  sense- 
organ,  the  nerves,  and  the  memory  centre 
also  play  their  parts  in  jn'oducing  the 
final  impression,  and  an  interruption  at 
any  point  in  this  chain  may  prejudice 
the  result. 

Colour  blind  subjects  fall  into  5  main 
classes.      Tlioro    are    j^eople    who  can 
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only  distinguish  five,  four,  three,  two, 
or  even  one  vmit.  It  is  further  suggested 
that  in  past  ages  the  sense  of  hght  was 
developed  before  the  power  of  perceiving 
colour,  and  that  the  latter  sense  passed 
through  the  various  stages  of  evolution 
until  the  present  conditions  were  reached. 
Even  now  we  have  traces  of  a  further 
development,,  since  a  few  specially  gifted 
people  are  able  to  distinguish  seven  units. 
There  may  also  be  diminished  sensitive- 
ness at  either  end  of  the  spectrum,  lead- 
ing to  a  loss  both  in  colour -perception  and 
in  luminosity.  Another  singular  fact, 
mentioned  elsewhere  in  this  book,  is  that 
the  class  of  people  among  whom  colour- 
blindness appears  to  be  most  prevalent  is 
the  musical  profession  ! 

Chapter  V.  is  devoted  to  a  full  explana- 
tion of  the  retina,  and  the  part  played 
by  the  visual  purple.  An  array  of  facts 
is  presented  in  support  of  the  idea 
that  this  substance  is  intimately  con- 
nected with  vision.  For  example,  it  is 
bleached  most  readily  by  the  part  of  the 
sjDOctrum  to  which  the  eye  is  believed 
to  be  most  sensitive,  the  yellow-green. 
The  author  holds  the  view  that  the 
"rods  on  the  retina  are  concerned  only 
with  the  distribution  of  visual  purple,  and 
not  with  the  conveyance  of  light  impulse 
to  the  brain.  Information  can  also  be 
gained  from  the  study  of  "  after-images,'' 
and  their  complexity  should  not  be  for- 
gotten by  those  who  have  suggested  that 
the  examination  of  these  images  might 
constitute  a  test  of  "  glare." 

In  the  concluding  part  of  the  book 
very  detailed  instructions  for  methods  of 
testing  are  given.  One  searching  test  is 
that  in  which  the  person  studied  is  asked 
to  select  pigments  and  imitate,  in  a  pre- 


scribed outline,  the  colours  of  a  picture 
presented  to  him.  Other  tests  are 
based  on  the  selection  of  apparently 
monochromatic  patches  in  the  spectro- 
scope, and  on  general  questioning,  classifi- 
cation of  colours,  observation  of  coloured 
objects  at  a  distance,  &c. — all  of  which, 
it  is  suggested,  may  yield  valuable  con- 
firmatory evidence.  Particulars  are  given 
of  the  tests  to  which  railwaymen  and 
seamen  are  at  present  subjected,  and  the 
author  insists  on  the  vital  importance  to 
the  public  of  more  complete  methods  of 
ascertaining  the  state  of  vision  of  those 
following  these  two  occupations. 

In  support  of  his  contentions  that  the 
present  methods  of  testing  are  inadequate 
the  author  gives  a  number  of  striking 
facts.  For  example  he  states  that, 
according  to  the  Board  of  Trade  Report 
for  last  year,  over  53  per  cent  of  those  who 
were  rejected  for  colour-blindness  by  the 
"  wool  test  were  subsequently  found  to 
have  normal  vision.  He  also  remarks 
that  he  has  personal  knowledge  of  a 
number  of  pilots  and  naval  officers  who 
are  now  engaged  in  their  employment 
but  who  are  more  or  less  colour-blind. 

It  will  be  generally  admitted  that,  both 
for  the  sake  of  those  whose  livelihood 
depends  on  their  being  believed  to  possess 
correct  colour  perception,  and  also  for 
,the  benefit  of  the  general  public  whose 
safety  may  be  imperilled  by  their  unfitness 
in  this  respect,  tests  of  colour-blindness 
should  be  of  a  searching  and  reliable 
character.  Those  concerned  with  these 
questions  will  read  Dr.  Edridge  Green's 
suggestive  and  instructive  book  with 
interest.  Many  of  the  matters  discussed 
have  also  an  indirect  bearing  on  illuminat- 
ing engineering. 


Tables  for  Illuminating  Engineers. 


{Rechentafeln  fiXr  Beleuchtungstechniker.     By  Dr. 

Ferdinand  Enke,  Stuttgart,  1910,  Mks. 


W.  Bebtelsmann. 
2.60.) 


This  little  work,  devoted  to  tables  used 
in  calculating  candle-power  and  illumina- 
tion, is  published  at  an  opportune 
moment,  when  the  value  of  exact  know- 
ledge of  conditions  of  illumination  is 
better  apj^reciated  than  in  the  past.  The 
author,  in  his  preface  to  the  work,  truly 
remarks  that  photometry  has  emerged 
from  the  physical  laboratory  and  become 
a  recognized  industrial  process. 

The  first  chapter  contains  definitions 
and  particulars  of  the  symbols  of  the 
International  Photometrical  Commission 
for  the  chief  photometrical  quantities. 
A  table  of  conversion  for  units  of  light 
is  also  given.  To  this  might  profitably 
be  added  a  table  of  the  units  of  intensity 
of  illumination  in  use  in  different  countrie^, 


The  greater  part  of  the  book  is  filled 
by  a  series  of  tables  enabling  the  candle- 
power  of  the  source  tested  to  be  rapidly 
noted  for  positions  of  the  photometer  on 
the  photometric  bench.  Data  for  the 
calculation  of  mean  spherical  candle- 
power  from  polar  curves  of  light  distribu- 
tion are  also  given.  At  the  end  of  the 
book  is  a  miscellaneous  series  of  tables 
containing  particulars  of  performances  of 
different  kinds  of  lamps,  the  absorption  of 
globes,  &c.,  and  other  data  of  interest  to 
the  illuminating  engineer.  The  book 
should  be  found  of  considerable  service 
by  those  constantly  engaged  in  the 
calculation  of  photometric  quantities. 
Its  value  to  those  in  this  country  would, 
of  course,  be  enlianced  by  translation. 
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Gas  Installations  and  Gas-Fitting. 


{Der  Gasrohrleger  und  Gaseinrichter,    By  F.  Kucktjk. 
E.  Oldenhourg,  Munich  and  Berlin,  Second  Edition,  1909.) 


In  his  preface  to  the  first  edition  of  this 
work  the  author  explained  that  although 
there  were  a  number  of  works  in  the 
German  language  dealing  with  various 
sections  of  gasfitting,  there  was  no  general 
work  dealing  with  this  subject  in  a  wide 
and  adequate  manner.  The  second 
edition  has  been  rendered  necessary  by 
the  rapid  strides  in  the  use  of  gas  during 
the  past  few  years,  especially  in  the 
direction  of  heating  and  power. 

The  book  contains  upwards  of  300 
pages  and  covers  a  considerable  amount 
of  ground.  The  first  chapter  briefly  dis- 
cusses the  generation  of  different  qualities 
of  illuminating  gas.  Subsequently  de- 
tailed instructions  are  given  regarding  gas 
distribution  and  the  laying  of  piping  both 
in  the  streets  and  in  private  dwellings. 
The  development  of  the  upright  and  in- 
verted burner,   high  pressure  lighting, 


automatic  control  of  street  lamps,  lan- 
terns, and  other  matters  connected  with 
gas  lighting  are  next  dealt  with,  and  we 
are  pleased  to  see  that  the  author,  though 
dealing  in  detail  with  the  technicaUties 
of  the  distribution  of  gas,  also  finds  space 
to  cover  the  field  of  lighting  development s> 
However,  while  recognizing  that  the  scope 
of  the  work  hardly  enables  very  much  space 
to  be  devoted  to  the  illuminating  engi- 
neering aspects  of  gas  lighting,  we  should 
still  have  liked  to  see  a  little  more  atten- 
tion paid  to  the  use  and  measurement  of 
light  as  well  as  its  production. 

The  remainder  of  the  book  is  given  up  to 
heating  and  cooking  apparatus,  and  to 
ges  engines  and  power.  This  work  is  of  a 
practical  character  and  contains  an  abund- 
ance of  illustrations.  It  will  doubtless 
commend  itself  to  many  of  those  concerned 
with  the  distribution  and  utilization  of  gas. 


Some  Publications  Received.* 

Remane,  H  Die  Osramlampe  und  Ihre  Anwendungsgehiete  (Reprint  from  the 

Bulletin  of  the  Swiss  Institution  of  Electrical  Engineeers.    Ziirich,  1910). 


F.  Schanz  and  K.  Stockhausen  Zur  Atologie  des  Glasmacherstars  Blendung 

ihre  Ursachen  und  Wirkung  Weiteres  iXher  Blendung ....  Schutz  der  Augen  gegen  die 
kurzwelliger  Strahlen ....  Schutzgldser  gegen  die  Wirkung  kurzwelliger  Ldchstrahlen  auf 
das  Auge. 

The  above  constitutes  a  series  of  reprints  of  various  papers  setting  forth  the 
views  of  these  two  investigators  on  the  nature  of  glare  and  the  effects  of  ultra-violet 
light  on  the  eye.  Their  contentions  are  illustrated  by  numerous  excellent  spectro- 
photographs  showing  the  nature  of  the  absorption  exercised  by  the  eye  and  by 
various  kinds  of  glass  towards  ultra-violet  rays. 


Journal  of  the  Franklin  Institute,  June  and  July  1910. 
Those  numbers  contain  several  items  dealing  with  aspects  of  illumination.  Dr. 
E.  P.  Hyde  concludes  his  paper  on  "  The  Physical  Production  of  Light^,"  and  a 
synopsis  is  given  of  a  populur  lecture  entitled  "  Modern  Methods  of  Lighting ' by 
li.  H.  Bradbury. 


Among  other  publications  wo  liavo  also  to  acknowledge  the  receipt  of  : — The 
Journals  of  the  British  and  American  Institutions  of  Electrical  Engineers,  The  American 
Chemical  Journal,  The  Journal  of  the  Royal  Society  of  Arts,  &o, 

*  To  some  of  these  publications  we  hope  to  refer  in  greater  detail  shortly. 
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ILLUMINATION  AND  PHOTOMETRY. 

Mention  should  first  be  made  of  the 
recently  issued  Report  of  H.M.  Inspector 
of  Factories,  which  devotes  special 
•attention  to  the  subject  of  illumination. 
However,  this  has  been  noticed  elsewhere 
in  this  number.  Another  recent  paper, 
read  before  the  Societe  d'Ophthalmologie 
Francaise,  which  appears  to  deal  some- 
what exhaustively  with  the  same  matter, 
and  also  with  the  hygienic  aspects  of 
lighting  generally,  is  that  of  M.  Gariel; 
this  is  abstracted  in  a  recent  number  of 
the  Revue  Electrique.  The  paper  refers 
in  some  detail  to  the  physiological  effects 
of  non-luminous  energy  in  the  spectra 
of  artificial  illuminants,  and  regards  both 
the  ultraviolet  and  infra-red  portions  as 
injurious.  In  this  connexion  the  author 
quotes  experiments  on  bacteria  and  frogs 
which  seem  to  be  in  agreement  with  the 
suggestion  that  such  rays  may  have  a  des- 
tructive effect  when  present  in  excess.  In 
conclusion  a  series  of  general  recommenda- 
tions are  given,  including  the  suggestion 
that  in  work -places  a  minimum  illumina- 
tion of  15  lux  should  be  provided.  The 
paper  also  touches  on  colour -photo- 
metry, acuteness  of  vision,  and  other 
matters.  Yet  another  article  dealing 
generally  with  Factoby  Lighting  is  pub- 
lished in  U Electricien  (July  2). 

The  Illuminating  Engineer  of  New 
York  for  July  contains  a  series  of  read- 
able articles.  One  of  these  consists 
in  an  illustrated  discussion  of  the  Illu- 
mination OF  Hospitals.  It  is  pointed 
out  that  the  fundamental  rules  affecting 
the  correct  placing  of  light  sources  are  very 
often  transgressed.  Other  articles  in  the 
same  journal  deal  with  examples  of 
Indirect  Lighting  at  the  Capitol  and 
elsewhere.  In  these  cases  high  candle- 
power  tungsten  lamps  were  employed, 
and  the  method  of  indirect  lighting  seems 
to  have  been  discreetly  used.  An  example 
of  this  kind  at  the  Blackstone  Hotel, 
Chicago,  is  of  special  interest  on  account 
of  the  decorative  ceiling  employed. 

A  communication  from  J.  Benard 
to  the  Societe  des  Ingenieurs  Civils  de 
France  deal^  with  Electric  Search- 
lights, &c.,  FOR  Lighthouses,  and  the 
same  subject  has  also  been  dealt  with 
somewhat  exhaustively|^by  M.  Bochet  in  a 


paper  now  published  in  the  Bulletin  of 
the  Societe  Internationale  des  Electri- 
ciens  for  May.  In  this  latter  article 
particulars  are  given  of  various  optical 
systems,  and  the  merits  of  metallic 
mirrors  and  lens  arrangements  are  dis- 
cussed. A  description  is  also  given  of 
group -flashing  devices.  In  conclusion  the 
author  shows  an  illustration  of  a  white 
house  completely  illuminated  by  night  by 
the  aid  of  a  military  searchlight  of  this 
kind.  It  is  rather  interesting  to  notice 
that  this  last  method  is  again  described 
in  a  recent  number  of  the  A.  E.  G. 
Zeitschrift,  in  which  the  merits  of  illu- 
minating the  exteriors  of  buildings,  in 
preference  to  outlining  their  architectural 
features  in  glow  lamps,  is  dwelt  upon. 

A  series  of  tests  recently  carried  out  by 
C.  F.  Harding  and  A.  N.  Topping  on 
Locomotive  Headlights  were  described 
in  a  recent  paper  at  the  Convention  of 
the  American  Institution  of  Electrical 
Engineers.  One  point  examined  in  some 
detail  was  the  effect  of  approaching  loco- 
motive headlights  on  the  vision  of 
drivers.  It  was  shown  that  the  existing 
powerful  headlights  might  easily  lead  to 
the  mistaking  of  signals,  and  it  was  also 
found  that  a  body  sufficiently  bulky  to 
wreck  a  train  if  placed  upon  the  rails 
might  not  be  seen  in  time  for  the  engine 
to  pull  up.  The  rest  of  this  paper  is 
concerned  with  detailed  photometric  tests 
of  different  kinds  of  lights. 

A  series  of  interesting  points  in  con- 
nexion with  lighting  are  discussed  in 
recent  numbers  of  The  American  Gas* 
light  Journal.  One  matter  which  may 
arouse  no  httle  contention  shortly  is  the 
practice  of  using  Floating  Illu^iinated 
Signs  outside  watering  places  for  the  sake 
of  advertisement.  Other  articles  in  this 
journal  deal  with  the  use  of  powerful 
light  high  up  on  towers  for  advertisement 
purposes,  and  the  use  of  illuminated  hands 
for  notices,  signs,  &c. 

Among  papers  and  articles  dealing 
with  photometrical  subjects  special 
mention  should  be  made  of  that  by 
E.  B.  Rosa  and  G.  W.  Middlekauf  on 
Carbon  Incandescent  Lajmps  as  Photo- 
metric Standards.  The  authors  con- 
sider that  by  using  a  large  number  of 
such^amps  the  unity  of  light  could  be 
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kept  constant  for  a  large  number  of  years. 
Directions  for  the  "  aging  ''  of  these  lamps 
are  given.  The  authors  lay  stress  on  the 
value  of  a  double  test,  with  two  potentio- 
meters, of  both  the  current  and  voltage 
of  a  lamp.  By  this  means  a  gradual 
increase  in  current  can  sometimes  be 
detected  in  the  first  ten  minutes  or  so 
that  a  lamp  burns  on  test,  and  this 
furnishes  a  quick  and  certain  indication 
that  a  lamp  has  not  been  properly  aged. 

M.  Alimot  {V Electricien,  July  .2)  de- 
scribes a  form  of  Portable  Photo- 
meter and  wattmeter  for  testing  glow 
lamps. 

W.  C.  Philpott  {Am.  Gaslight  Journal, 
June  27  ;  Prog.  Age,  July  1)  contributes 
a  general  paper  on  photometry,  particu- 
larly as  regards  gas  lamps.  He  describes 
the  use  of  the  Flicker  photometer,  and 
gives  some  figures  for  the  polar  curves 
of  light  distribution  from  different  types 
of  incandescent  mantles. 

Among  articles  of  a  more  scientific  and 
abstruse  character  we  may  notice  the 
interesting  work  of  C.  A.  Pierce  {Phys. 
Review,  June)  on  Thermo -Luminscence. 
He  describes  experiments  on  the  distribu- 
tion of  energy  in  the  spectrum  of  Sidot 
blend  ;  this  was  determined  by  studying 
the  density  in  different  regions  of  photo- 
graphs of  the  spectrum  of  this  light. 
It  is  interesting  to  observe  that  the 
maximum  appeared  to  lie  in  the  visible 
spectrum,  and  that  the  shape  of.  the  curve, 
like  that  of  the  radiation  from  the  firefly 
and  other  phosphorescent  objects,  seemed 
to  be  of  a  kind  favourable  to  efficient 
light  production. 

ELECTRIC  LIGHTING. 

The  metallic  filament  situation  still 
receives  attention,  and  several  authors 
in  the  United  States  put  forward  suggested 
rating  systems  based  on  the  area  illu- 
minated under  specified  conditions.  Here 
we  see  the  idea  of  Charging  on  the  Basis 
OF  Illumination  Provided  gaining 
ground.  This  point  is  also  dealt  with 
in  the  editorial  notes  in  a  recent  number 
of  The  Electrical  World. 

An  interesting  article  by  W.  H.  Miller 
{I  lec.  World,  N.Y.,  July  7)  deals  with  the 
Tungsten  Lamp  Situation  in  France. 
His  experiences  of  the  durability  of  the 
tungsten  lamp  in  that  country  seem 
very  favourable,  and  he  adds  that 
scarcely  any  carbon  lamps  are  now  used. 
In  the  United  States  the  experience  has 
frequently  been  that  lamps  become  more 
brittle  with  use,  ])ut  in  France  the  dura- 
bility of  the  lamps  improves  after  they 
have  be(.'n  in  use  a  short  time. 

De  Kermode  {U Klectrician,  Juno  4)  ■ 
describes  the  Woissman  system  of  lighting 


by  means  of  Groups  of  Low  Voltage 
Lamps  in  Series -Parallel.  By  using  a 
bank  of  lamps  like  this  the  effect  of  a 
lamp  failing  is  comparatively  small,  since 
the  illumination  from  the  remainder 
continues.  Lamps  of  14  volts  and  1  c.-p. 
seem  to  be  considered  most  satisfactory 
for  grouping  on  100  volts.  Such  lamps 
are  also  exceedingly  strong,  and  are 
credited  with  a  life  of  200  hours  or  more. 

Among  articles  we  may  note  that  of 
L.  Crouch  {Llec.  Rev.,  July  15,  22)  on  the 
Mercury  Vapour  Lamp.  The  author 
gives  full  particulars  of  cost,  efficiency, 
intrinsic  brilliancy,  colour,  &c.,  and  dis- 
cusses the  distribution  of  illumination 
from  the  sources  at  a  given  height.  A 
summary  of  Recent  Developments  in 
Arc-lamps  is  also  published  in  the  Revue 
Mectrique  (June  15).  The  author  refers 
to  the  most  recent  types  of  Beck  lamps, 
and  describes  their  simple  mechanism  and 
the  method  of  using  lengths  of  wire  in 
glass  tubes  as  a  series  resistance.  He  also 
describes  the  dioptric  globes  for  use  with 
flame  arcs  and  the  Hrabowski  flame  arc- 
lamp  reflector. 

Among  more  purely  scientific  articles 
we  may  note  that  of  G.  Leimbach  (Zeitschr.) 
f.  Wissentschaftliche  Photographie,  cfcc, 
July),  which  deals  in  a  comprehensive 
manner  with  the  radiation  of  different 
forms  of  electric  glowlamps.  The  author 
gives  polar  curves  of  Hght  distribution  in 
each  case  and  estimates  the  probable 
value  of  the  radiant  efficiency. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING,  &c. 

One  important  event  dviring  the  last 
month  has  been  the  finding  of  the  Com- 
mittee appointed  to  consider  the  scheme 
for  a  New  Standard  Burner  for  com- 
mon use  in  Great  Britain.  The  report  has 
been  favourable,  but  there  seems  to  be 
still  some  opposition.  The  question  of 
Testing  Calorific  Value  still  receives 
attention,  and  the  report  of  a  recent 
committee  of  the  American  Gas  Institute 
on  this  point  has  recently  been  published. 
This  contains  a  considerable  amount  of 
information,  including  a  comparison  of 
gas  used  for  heating  and  incandescent 
mantles,  and  for  flat  flame  burners,  in 
1886  and  1910. 

Keference  may  also  be  made  to  several 
interesting  historical  articles.  A  con- 
tribution to  the  Journal  of  Gas  Lighting 
traces  the  growth  of  system  of  payment 
from  the  early  years,  when  proper 
methods  of  measuri  ng  were  not  available. 
A  series  of  articles  in  the  Zeitschrift  fiir 
Beleuchtungswesen  is  to  deal  with  the 
History  of  Gas  Lighting  in  various 
towns  in  Germany  ;  the  first  article,  jufct 
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published,  deals  with  the  town  of 
Miinich. 

Among  recent  technical  developments 
mention  should  be  made  of  that  described 
in  a  paper  by  Greyson  de  Schodt  before  the 
Societe  Tech.  du  Gaz,  namely,  the  use  of 
incandescent  mantles  in  an  inclined 
position.  By  this  means  a  more  favour- 
able distribution  of  hght  can  be  secured, 
and  the  angle  of  inclination  can  be  varied 
to  suit  the  local  requirements.  Some- 
times several  such  mantles  are  grouped 
in  one  lantern. 

Buhe  deals  with;  the  Automatic  Dis- 
tance Control  of  Street-Lights,  He 
is  incHned  to  suggest  that  the  experiences 
of  Gohrum  and  Dobert  have  been  excep- 
tionally favourable,  and  that  the  method 
does  not  invariably  lead  to  economies. 
He  also  alludes  to  the  inconvenience  to 
private  consumers  of  temporary  fluctua- 
tions in  pressure. 

An  article  in  The  Progressive  Age 
describes  the  Growth  of  High-Pressure 
Gas  Lighting  in  the  United  States, 
and  a  recent  number  of  The  Journal  of 
Gas  Lighting  draws  attention  to  the 
development  of  networks  spread  over  an 
immense  area  and  the  transmission  of  gas 
to  very  long  distances.  For  example, 
the  generating  station  at  Liibeck,  in 
Germany,  transmits  gas  under  a  con- 
siderable pressure  to  Travemiinde,  30 
miles  away,  and  gas  is  also  supplied  from 
the  station  in  Berlin  to  suburbs  at  a 
similar  distance. 

A  number  of  other  articles  in  the 
United  States  press  deal  with  such  sub- 
jects as  Modern  Gas  Fixtures  and 


Model  Displays  of  Demonstration 
Lighting.  On  the  other  hand,  the 
Zeitschrift  fUr  Beleuchtungswesen  expresses 
dissatisfaction  at  a  recent  display  of  this 
kind  in  Berlin,  and  argues  that  a  central 
organized  depot  is  needed  to  deal  with  the 
matter  on  satisfactory  lines. 

A  recently  published  report  of  the 
Lichtmesskommission  of  the  Deutscher 
Verein  von  Gas  und  Wasserfachmannern 
deals  with  Safety  Lamps.  A  distinction  is 
drawn  between  the  conditions  to  be  ful- 
filled in  mines  and  gasworks,  and  further 
experiments  are  suggested  to  determine 
more  precise  safety  regLilations  and 
values  of  intensity. 

The  usual  articles  dealing  with  liquid 
fuels  for  incandescent  burners  are  con- 
tinued in  the  Zeitschrift  fUr  Beleuch- 
tungswesen ;  the  simimary  of  patents  on 
inverted  burners  is  now  concluded. 

Several  recent  articles  draw  attention 
to  New  Developments  in  Acetylene 
Lighting.  For  instance,  it  is  stated  that 
dissolved  acetylene  is  being  found  very 
useful  for  lighting  beacons,  &c.,  on  the 
South  Pacific  coasts,  and  the  Hungarian 
State  Railways  are  experimenting  on  a 
large  scale  with  this  method  of  lighting 
carriages.  In  recent  numbers  of  Acetylene 
attention  is  drawn  to  the  need  for 
Thoroughly  Good  Piping.  There  is  a 
tendency  to  save,  perhaps,  5  per  cent  on 
the  installation  by  using  lead  and  com- 
position pipes.  But  this  is  easily 
damaged  and  sometimes  gnawed  by  rats, 
with  the  result  that  serious  accidents, 
which  might  have  been  entirely  prevented 
by  proper  workmanship,  have  occurred. 
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Gas  at  the  Franco-British  Exhibition  {J.G.L.,  June  7). 

Public  Lighting — Competition  and  Charge  {J.G.L.,  June  7). 

Das  Gas  in  der  Werkstatt  {Z.f.B.,  July  10). 

New  York's  Model  Display  and  Demonstration  Building  {Prog.  Age,  July  1). 

Gas  Arcs  v.  Gasoline  {Prog.  Age,  July  15). 

How  to  Secure  Factory  Lighting  {Prog.  Age,  July  1 ). 

High  Pressure  Lighting  {Prog.  Age,  July  15). 

Hoboken  Group  Lighting  {Prog.  Age,  July  15). 

Gas  Lamp  Outlining  {Prog.  Age,  July  15) 

L'!6clairage  de  Paris  et  son  influence  sur  la  security  {Rev.  des  Eclairages,  July  15). 

Phares  et  Signaux  {Rev.  des  Eclairages,  July  15). 

Acetylene  Revolution  in  Coastlights  {Acetylene,  July). 

The  Recent  Acetylene  Explosion  at  Sharavogue  Castle  {Acetylene,  July). 


CONTRACTIONS  USED. 
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J.  G.  L. — Journal  of  Oaslightmg. 
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Z.  f.  B. — Zeitschrift  fur  Beleuchtungswesen. 
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The  Fire  at  the  Brussels 
Exhibition. 

The  fire  which  occurred  Last  month 
at  the  Brussels  Exhibition,  and  which 
led  to  the  destruction  of  so  many 
valuable  exhibits,  has  naturally  caused 
great  concern  in  this  country. 

We  feel  bound  to  take  this  occasion 
of  expressing  our  sympathy  with  the 
exhibition  authorities,  and  with  those 
who  have  sustained  such  heavy  losses 
and  disappointment.  It  maybe  added, 
however,  that  all  concerned  appear  to 
be  showing  great  energy  and  courage 
in  reorganizing  the  portion  of  the 
exhibition  which  has  suffered,  and  we 
hope  that  much  of  the  damage  may  be 
made  good  even  though  serious  loss  is 
inevitable. 

We  notice  that,  while  the  exact 
cause  of  the  fire  seems  to  be  uncertain, 
there  is  a  tendency  to  ascribe  it 
vaguely  to  the  "  fusing  of  an  electric 
wire."  This  suggestion  is  put  forward 
— somewhat  unreasonably — in  many 


cases  in  which  the  real  cause  of  the 
outbreak  is  not  known.  That  defective 
electric  wiring  can  lead  to  such  dangers 
is  of  course  thoroughly  recognized,  but 
it  should  also  be  admitted  that  this 
danger  can  be  avoided  if  only 
proper  material  is  used,  the  work  is 
carried  out  in  a  satisfactory  manner, 
and  the  necessary  care  and  expense 
are  not  grudged. 

It  should  be  remembered,  too,  that 
the  very  ease  with  which  electric 
lighting  can  be  applied  for  decorative 
purposes  sometimes  leads  to  its 
misuse.  Electric  glow  lamps,  being 
completely  enclosed,  are  often  utilized 
in  positions  in  which  it  would  be  clearly 
out  of  the  question  to  place  a  gas  lamp. 
On  the  other  hand,  a  serious  leakage 
of  gas,  since,  unlike  electricity  it  gives 
rise  to  a  pronounced  odour,  is  likely 
to  be  detected  at  an  early  stage.  It 
is  very  essential  to  ensure  that  an 
electrical  installation  is  thoroughly 
satisfactory   at   the  commencement. 
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Provided  certain  reasonable  precautions 
are  observed  the  method  readily  lends 
itself  to  these  decorative  uses.  But 
occasionally  the  habitual  successful 
use  of  electric  lamps  in  this  way  leads 
to  over-confidence  and  the  border  line 
of  reasonable  safety  is  overstepped. 
As  has  been  repeatedly  pointed  out 
in  these  columns,  it  is  unwise  to  place 
even  electric  glow  lamps  in  immediate 
proximity  to  inflammable  material.  It 
is  the  abuse  of  the  light  in  this  way 
that  occasionally  leads  to  disastrous 
fires  and  tends  to  give  rise  to  an 
impression  of  insecurity. 

In  exhibitions,  however,  the  arrange- 
ments have  sometimes  to  be  carried 
through  under  great  pressure.  Large 
areas  have  to  be  lighted,  and  the 
question  of  cost  is  a  serious  one.  The 
risk  entailed  by  imperfect  workmanship 
is  accentuated  by  the  temporary  nature 
of  many  of  the  buildings,  which  are 
often  flimsily  constructed  and  liable  to 
catch  fire  in  the  event  of  an  electric 
defect  making  itself  evident. 

The  only  remedy  seems  to  lie  in  the 
recognition  that  a  higher  standard  of 
care  is  necessary,  and  that  in  framing 
conditions  for  the  lighting  arrange- 
ments specially  stringent  precautions 
should  be  observed.  In  the  case  of 
exhibits  of  special  value  it  would 
seem  desirable  to  make  the  buildings 
housing  them  as  fireproof  as  possible. 
In  planning  the  general  arrangements 
of  the  exhibition,  too,  it  would  be 
preferable  for  the  different  sections  to 
be  isolated,  so  that  a  fire  can  be  more 
readily  localized  and  dealt  with. 

In  conclusion  it  may  be  pointed  out 
that  the  method  of  illuminating  the 
exteriors  of  buildings  by  indirect 
methods,  instead  of  outlining  them  by 
innumerable  glow  lamps,  seems  to  offer 
advantages  from  the  standpoint  of 
safety  as  well  as  that  of  decoration. 

A   Museum   Devoted  to 
Illumination. 

We  have  previously  had  occasion  to 

draw  the  attention  of  our  readers  to 

the   elaborate    Museuin   at  Munich 

devoted  to  methods  of  lighting  and 


illuminating  apparatus.  During  the 
last  visit  of  the  writer  to  Germany  he 
had  an  opportunity  of  inspecting  this 
Museum,  and  also  the  other  great 
National  Museum  in  this  City,  which 
is  also  devoted  to  technical  and  scien- 
tific apparatus.  An  account  of  some 
features  of  these  museums  will  be 
found  on  page  539  in  this  number. 

In  matters  of  illumination  there  are 
weighty  reasons  to  advocate  the  main- 
tenance of  a  special  Museum  devoted 
to  collections  of  lighting  apparatus. 
Here  we  should  be  specially  anxious  to 
preserve    the   chain   connecting  the 
traditions  of  the  past  and  the  achieve- 
ments of  the  present  complete,  and 
not  to  lose  sight  of  the  gradual  evolu- 
tion which  has  led  to  the  methods  of 
illumination  to  the  present  day.  For 
the  design  of  illuminants  and  fixtures 
is  a  complex  subject.    It  is  not  enough 
to  provide  light  and  to  distribute  it  in 
a  scientific  manner.    There  are  always 
present  in  the  mind  recollections  of 
the  modes  of  illumination  of  the  past 
and   artistic   conceptions   which  are 
associated  with  the  traditions  of  bygone 
ages,  and  a  properly  equipped  and 
organized  museum  provides  a  valuable 
record  of  all  these  stages  of  develop- 
ment through  which  illuminants  have 
passed.      An   illuminating  engineer 
who  not  only  seeks  to  make  illumina- 
tion more  scientific,  but  also  recognizes 
in  it  a  subject  for  artistic  treatment, 
may  derive  inspiration  by  studying 
ancient  forms  of  lamps  and  fixtures, 
and  needs  to  understand  more  fully 
how  they  have   developed  into  our 
apparatus  of  the  present  day.    In  this 
connexion  we  may  recall  the  review  of 
the   excellent   work   by   Lieut,  von 
Benesch,    which   was    published  in 
a    recent    number    of  this  journal 
{Ilium.  Eng.,  Vol.  II.,  Sept.,  1909, 
page  631).    By  studying.,  such  records 
we  realize  how  men  in  the  past  were 
willing  to  bestow  loving  care  on  the 
details  of  artistic  designs,  even  though 
they  dealt  with  illuminants  which,  for 
the  purpose  of  shedding  light,  may 
now  seem  inadequate  to  a  degree. 
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There  is  one  feature,  too,  in  these 
Museums  in  Munich  which  deserves 
special  commendation.  Those  re- 
sponsible for  the  organization  of  these 
institutions  are  not  content  to  place 
objects  in  a  glass  case  and  label  them 
with  a  more  or  less  inadequate  printed 
description.  Arrangements  are  made 
to  enable  the  visitor  to  light  up  any 
lamp  which  he  would  like  to  see  in 
action.  Measuring  instruments  are 
provided  by  which  information  can  be 
gained  as  to  their  efficiency.  Gras 
lamps  are  shown  in  working  order  with 
meters  and  pressure-recording  instru- 
ments in  action,  and  demonstrations  of 
the  effect  of  different  types  of  shades 
and  reflectors  are  undertaken.  There 
is  even  a  room  fitted  for  the  photo- 
metrical  bench,  where  a  visitor  can 
gain  some  insight  into  the  process  of 
photometry.  It  may  truly  be  said 
that  a  visitor  to  a  Museum  organized 
on  this  principle  really  learns,  and 
does  not,  as  is  too  often  the  case,  go 
away  with  a  confused  series  of  mental 
images  which  are  rapidly  obliterated. 

One  other  improvement  introduced 
by  the  authorities  deserves  special 
mention.  Trained  guides,  having  an 
acquaintance  with  foreign  languages 
and  special  scientific  technical  know- 
ledge of  the  exhibits,  are  available 
for  visitors  from  foreign  countries. 
Facilities  in  this  direction  are  specially 
welcome,  and  should  go  far  to  make 
the  exhibits  interesting  and  attractive. 

The  Visit  of  the  German 
institution  of  Gas  Engineers. 

We  refer  elsewhere  to  the  approach- 
ing visit  of  the  members  of  the  German 
Institution  of  Gras  Engineers,  who  are 
to  be  the  guests  of  the  corresponding 
institution  in  this  country,  and  of 
various  British  Gras  Companies  at  the 
beginning  of  next  October.  It  will  be 
recalled  that  last  year  members  of  the 
English  Institution  paid  a  visit  to 
Berlin  and  were  similarly  entertained 
by  their  German  confreres. 

We  should  like  to  take  this  oppor- 
tunity of  voicing  the  friendly  feeling 
of  all  those  interested  in  illumination 


towards  our  visitors,  and  we  hope 
their  stay  will  be  a  thoroughly  enjoy- 
able one.  Nothing  can  be  more  helpful 
to  the  spread  of  knowledge  and  mutual 
understanding  in  connexion  with  illu- 
mination than  this  interchange  of 
courtesies  between  engineers  and 
scientific  men  in  different  countries. 
During  the  last  few  years  we  have  seen 
a  marked  development  of  the  inter- 
national spirit  in  scientific  circles. 
Any  progress  in  one,  country  now 
becomes  a  matter  of  interest  and  dis- 
cussion in  another,  much  more  rapidly 
than  would  have  been  thought  possible 
but  a  few  years  ago.  It  may  be  re- 
called that  a  great  deal  of  the  recent 
progress  that  has  been  made  in  gas- 
lighting  is  due  to  the  patient  work  of 
German  scientists  and  engineers,  and 
the  high-pressure  system  of  Berlin  has 
long  been  regarded  as  one  of  the  earliest 
and  best  examples  of  street  lighting  by 
gas. 

We  feel  confident  that  both  nations 
can  only  profit  from  such  opportunities 
for  the  interchange  of  knowledge,  and 
we  hope  that  the  approaching  visit 
of  our  Continental  friends  may  be 
followed  by  many  others  in  the  future. 

Responsibility  in  Fixture  Design. 

An  interesting  point  in  connexion 
with  fixture  design  was  raised  in  a 
recent  number  of  our  contemporary. 
The  Illuminating  Engineer  of  New 
York.  Yvom  time  to  time  in  the  past 
there  have  arisen  men  whose  artistic 
perceptions  and  ability  as  craftsmen 
enabled  them  to  achieve  special  dis- 
tinction in  decorative  art.  Thus  there 
are  names  which  will  always  be 
associated  with  certain  developments 
in  styles  of  architecture  or  with  certain 
schools  of  design  in  furniture  and 
decoration.  The  work  of  these  men 
was  so  characteristic  that  even  to-day 
an  expert  can  recognize  their  handi- 
work at  a  glance. 

Why  should  not  a  similar  state  of 
things  exist  in  connexion  with  the 
design  of  lighting  fixtures  ?  In  the 
past,  no  doubt,  to  some  extent  it  did. 
The  .lighting  fixtures  were  then  re- 
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garded  as  an  essential  part  of  the 
general  scheme  of  decoration,  and  often 
received  as  much  care  and  embellish- 
ment as  was  lavished  on  the  decoration 
of  the  interior  which  they  served  to 
illuminate.  What  is  there  distinc- 
tive about  the  large  class  of  fixtures 
which  are  turned  out  to-day  without 
any  indication  as  to  who  was  responsible 
for  their  design  ?  Nevertheless  it  is 
difficult  to  imagine  a  line  of  work  in 
which  the  capabilities  of  the  designer, 
in  reconciling  practical  utility  and 
artistic  finish,  are  more  nicely  blended. 
There  is  a  great  opportunity  in  this 
work  for  men  who  possess  the  necessary 
artistic  instinct,  the  more  so  because 
our  illuminants  of  the  present  day 
enable  us  to  do  much  that  was  almost 
impossible  in  the  past. 

But  with  our  greater  facilities  in 
light  distribution  there  have  also  come 
new  responsibilities.  One  not  infre- 
quently comes  across  instances  in  which 
some  old  design  of  fixture  has  been 
effectively  imitated  as  regards  appear- 
ance, but  without  any  consideration  for 
the  fact  that  it  is  now  to  be  used  in 
connexion  with  the  electric  lamp. 

Again,  there  are  probably  compara- 
tively few  examples  of  fixtures  in 
existence  in  which  the  designer  has 
succeeded  in  giving  effect  to  the 
claims  both  of  artistic  appearance  and 
efficiency  as  a  distributor  of  light. 

It  may  be  added  that  the  above 
remarks  apply  equally  to  many  types 
of  shades  and  reflectors  and  glassware 
generally.  The  importance  of  good 
design  from  the  standpoint  of  light 
distribution  is  perhaps  even  more 
vital  in  this  case ;  and  here  again  one 
would  like  to  see  introduced  more 
fully  the  element  of  responsibility  for 
certain  designs,  somewhat  in  tUe 
same  way,  for  example,  as  the  word 
"  Holophane "  has  come  to  be  asso- 
ciated with  glassware  scientifically 
designed  for  purposes  of  illumination. 

Naturally  shades  and  reflectors,  as 
well  as  the  fixtures  utilized  for  their 
support,  have  to  comply  with  both 
U'stlietic  and  utilitarian  principles. 


What  is  needed  at  the  present 
time  is  a  number  of  designers 
sufficiently  educated  to  appreciate 
the  relative  importance  of  all  these 
ditferent  factors.  Such  a  knowledge 
can  only  be  gradually  acquired,  and 
there  are  probably  only  a  few,  if 
any,  men  at  the  present  time  who 
possess  it.  We  hope  in  the  future 
that  the  discussions  of  the  Illuminating 
Engineering  Society,  by  facilitating 
the  exchange  of  views  of  architects, 
engineers,  and  fixture  designers  on 
such  subjects,  will  help  to  bring  about 
a  better  state  of  things. 

The  Congres  International  des 
Maladies  Professionelles. 

Readers  of  this  journal  will  recall 
that  the  above  important  congress  is 
to  take  place  in  Brussels  during  the 
month  of  September.  The  Illuminat- 
ing Engineering  Society  is  to  be 
represented  by  several  delegates  on 
this  occasion,  and  a  paper  is  to  be  pre- 
sented by  the  Hon.  Secretary  of  the 
Society  on  '  The  Hygienic  Aspects  of 
Illumination.' 

The  work  of  the  congress,  dealing  as 
it  does  with  important  questions  of 
industrial  hygiene,  is  naturally  of  con- 
siderable interest  to  our  society,  and  it 
is  satisfactory  to  note  that  the  subject 
of  illumination  will  be  prominently 
brought  forward.  A  very  consider- 
able proportion  of  the  large  num- 
ber of  papers  to  be  submitted  by 
representatives  of  the  medical  profes- 
sion of  different  nations  at  this  con- 
gress, copies  of  which  we  have  now 
before  us,  deal  with  the  prevention  of 
industrial  diseases  and  the  Workmens' 
Compensation  Act.  Other  contri- 
butions deal  directly  with  the  effect 
of  illumination  on  vision,  the  hygiene 
of  the  eye,  the  causes  and  nature  of 
cataract,  &c. 

We  mean  to  comment  more  fully  on 
the  work  of  the  congress  in  another 
issue.  Meanwhile  we  take  the  oppor- 
tunity of  drawing  our  readers'  atten- 
tion to  its  important  and  extensive 
programme,  which,  we  hope,  will  bear 
good  fruit.  Leon  Gaster. 
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Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  (p.  535)  concludes 
the  section  of  his  article  dealing  with 
the  illumination  of  various  streets  in 
London,  theatre  lighting,  &c.  He  then 
proceeds  to  the  discussion  of  Errors  in 
Photometry,  which  he  divides  into 
various  classes,  e.g.,  those  due  to  mis- 
takes on  the  part  of  the  operator,  those 
due  to  inaccuracy  in  the  apparatus,  &c. 
He  also  gives  an  account  of  the  theory 
of  the  calculation  of  the  mean  error 
in  a  single  observation.  In  the  next 
instalment  of  the  article  some  sources 
of  personal  error  will  be  considered. 

Following  this  (p.  539)  will  be  found 
an  account  of  the  section  of  the  Museum 
AT  Munich  devoted  to  Illumination. 
The  method  of  displaying  exhibits  is 
unique  in  several  respects,  and  a  very 
complete  collection  of  lamps  of  different 
periods  exists.  For  example,  a  section 
of  the  Museum  is  devoted  to  tracing  the 
development  of  street  lighting.  Some 
illustrations  of  this  portion  of  the  build- 
ings are  given,  and  the  value  of  such 
collections  of  ancient  fixtures  to  the 
designer  of  the  present  day  is  pointed 
out. 

Dr.  F.  K.  Richtmyer  (p.  543) 
resumes  his  article  on  Instruction  in 
Illuminating  Engineering.  In  the 
previous  instalment  stress  was  laid  on 
the  need  for  practical  measurements  of 
illumination  in  interiors  in  addition 
to  purely  photometric  experiments.  In 
the  present  section  the  author  describes 
how  the  students  at  the  Cornell  Univer- 
sity studied  the  experimental  illumina- 
tion in  a  room  specially  used  for  the 
purpose,  utilising  the  Weber  Illumina- 
tion Photometer  in  doing  so.  He 
illustrates  his  remarks  by  reproductions 
of  the  actual  results  obtained  by  the 
students.  , 

A  paper  by  Dr.  E.  B.  Rosa  and  Dr. 
G.  W.  Middlekauff  (p.  547)  deals  with 


Incandescent  Lamp  Standards.  The 
authors  lay  stress  on  the  value  of  a 
series  of  such  standards  as  a  means  of 
preserving  the  unit  of  light,  and  describe 
some  experiments  showing  that  excel- 
sent  results  can  be  secured  by  testing  the 
lamps  at  constant  power  consumption. 

It  is  interesting  to  notice  that  it  can 
often  be  ascertained  whether  a  lamp 
has  been  imperfectly  aged  or  no  by 
observing  the  small  change  in  current 
during  ten  minutes'  burning,  without 
measuring  the  light  from  the  lamp  at  all. 

Mr.  L.  Wild  (p.  549)  describes  some 
experiments  on  the  Box  Integrating 
Photometer.  It  will  be  recalled  that 
Dr.  W.  E.  Sumpner  suggested  that  a 
square  box  might  be  simpler  to  use  in 
practice  and  quite  as  exact  as  a  globe 
photometer.  Mr.  Wild  now  describes 
some  tests  of  such  a  box.  It  was 
found  that  the  position  of  the  lamp  in 
the  box  could  be  altered  considerably, 
and  it  could  be  placed  with  its  filament 
either  vertically  or  horizontally  without 
any  very  serious  error  being  found  to 
exist.  His  experiments  therefore  tend 
to  confirm  the  suggestion  that  fair 
commercial  accuracy  can  be  expected 
from  a  box  of  this  description. 

A  paper  by  Mr.  S.  E.  Doane  (p.  552) 
deals  with  the  Metallic  Filament 
Lamp  Situation.  He  suggests  that 
the  right  method  of  examining  the 
effect  of  the  introduction  of  metallic 
filament  lamps  on  central  station 
revenue  is  to  analyse  and  subdivide 
very  carefully  the  cost  per  unit.  He 
presents  tables  showing  the  effect  of  the 
more  or  less  complete  adoption  of 
metalhc  filament  lamps,  and  arrives  at 
the  conclusion  that  supply  companies 
may  hope  ultimately  to  benefit  con- 
siderably by  their  general  introduction. 

On  page  557  will  be  found  an  account 
of  a  lecture  recently  delivered  by  Dr.  N. 
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Bishop  Harman  on  School  Lighting. 
He  points  out  by  the  aid  of  diagrams 
several  commonly  occurring  faults  in  the 
artificial  lighting  of  schools  such  as, 
for  example,  crowding  the  lights  to- 
gether centrally.  A  minimum  in- 
tensity of  1  foot-candle  is  essential, 
and  it  is  also  very  desirable  that  the 
light  should  come  from  the  right 
direction.  In  any  case  there  are  many 
classes  of  work  which,  he  considers, 
should  not  be  attempted  in  the  case  of 
small  children  except  by  daylight.  As 
a  rough  means  of  testing  whether  the 
illumination  is  sufficient,  he  suggests  an 
acuteness  of  vision  chart.  He  also 
explains  a  method  of  testing  the  degree 
on  eye-fatigue  by  observing  the  inclina- 
tion of  the  persons  studying  to  adopt 
binocular  vision. 

Following  this  will  be  found  (p.  559) 
a  note  on  the  Sensitiveness  of 
Different  Eyes  to  Ultra  -  Violet 
Light.  Some  work  is  described  which 
suggests  that  ultra  -  violet  rays  are 
absorbed  to  a  considerable  extent  by 
the  lens  of  the  eye.  This  is  partly 
the  explanation  why  such  light  does  not 
appear  visible  to  the  average  person. 
According  to  some  observers  the  gradual 
absorption  of  ultra  -  violet  rays  tends 
to  produce  cataract. 

Dr.  W.  W.  Coblentz  (p.  561)  again 
discusses  the  nature  of  Radiation 
FROM  Various  Metals  such  as  plati- 
num, tantalum,  tungsten,  and  molyb- 
denum. He  presents  curves  showing  the 
reflectivity  and  emissivity  for  light  of 
different  wave-length,  and  suggests 
that  the  comparatively  high  luminous 
efficiency  of  filaments  of  these  materials 
may  be  ascribed  to  low  emissivity  in  the 
infra-red.  In  conclusion  he  points  out 
that  it  is  desirable  that  the  incan- 
descent solid  illuminant  of  the  future 
should  emit  as  little  infra-red  radia- 
tion as  possible  and  withstand  a 
high  temperature.  Even  the  best  metal 
at  present  used  complies  imperfectly 
with  these  conditions  and  has  other 
defects,  such  as  being  inconveniently 
fragile. 

Following  this  will  be  found  an  article 


from  an  Engineering  Correspondent 
dealing  with  the  Standardization  of 
Gas  Supply.  He  traces  the  gradual 
evolution  of  legislation  affecting  the 
testing  of  gas,  and  shows  how  many  of 
these  methods  have  been  condemned 
as  not  affording  a  picture  of  the 
capacities  of  the  gas  for  practical  ser- 
vices. Finally,  he  comments  upon  the 
legislation  recently  requested  in  order 
to  bring  the  various  methods  of  testing 
to  a  common  basis.  At  the  conclusion 
of  this  article  will  be  found  some  notes 
on  some  of  the  Early  Gas  Companies 
formed  at  the  beginning  of  the  last 
century.  It  is  interesting  to  observe 
that  the  consumers  at  that  time  were  at 
liberty  either  to  have  their  gas  suppKed 
through,  and  measured  by  a  meter  in 
the  usual  way,  or  to  use  specified 
burners  for  certain  periods.  This  note 
is  followed  by  a  reproduction  of  the 
exact  conditions  of  supply  issued  by 
the  Independent  Gas  Light  &  Coke 
Company  in  1825. 

An  article  by  an  Engineering 
Correspondent  (p.  570)  deals  with  the 
Illumination  of  Flowers,  &c.,  where 
the  correct  revelation  of  colour  is 
exceedingly  important.  In  flower 
shows,  for  example,  choice  varieties 
can  only  be  judged  by  daylight  con- 
ditions. There  are,  however,  cases  in 
which  the  flowers  are  intended  to  be 
shown  by  artificial  light,  and  if  pur- 
chased during  the  daytime  for  use  on 
the  dinner  table  may  not  give  rise  to 
the  correct  impression. 

On  p.  573  will  be  found  a  series  of 
Short  Notes  deahng  generally  with 
Various  Aspects  of  Illuminating 
Engineering. 

Other  short  articles  in  this  number 
deal  with  such  questions  as  the  Effect 
on  the  Vision  of  Engine  Drivers  of 
Locomotive  Headlights,  the  Im- 
portance of  Public  Lighting  from  the 
Standpoint  of  Security  against  Crime, 
the  Illumination  of  Skating  Rinks,  &c. 

At  the  end  of  this  number  will  be 
found  the  usual  Review  of  the  Techni- 
cal Press  (p.  582). 
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Illumination,  its  Distribution  and  Measurement. 

By  A.  P.  Trotter. 

Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p,  4^83,  Vol.  III.) 


Ordinary  Streets,  Theatre-Lighting,  Sc. 
— ^Measurements  of  the  illumination  in 
streets  lighted  by  the  ordinary  "  flat 
flame  "  gas  lamp  were  made  on  several 
occasions.  The  illumination  was  so 
very  feeble  that  exact  measurement  was 
very  difficult.  The  maximum  rarely 
exceeded  0'9  foot-candle.  The  illumina- 
tion near  the  foot  of  an  ordinary  gas 
lamp  is  very  irregular,  and  is  much  cut 
up  by  shadows  of  the  lantern  frame. 
Fig.  138  is  the  illumination  curve  along 


candles.  The  illumination  in  the  trains 
of  the  Metropolitan  and  District  Rail- 
ways was  measured  on  many  occasions, 
and  varied  from  0*3  to  0*9  foot -candle, 
the  photometer  being  held  breast-high. 

Characteristic  Curves. — The  results 
of  the  above-described  measurements 
are  summed  up  in  Fig.  139  as  charac- 
teristic curves.*  The  ordinates  are 
foot -candles,  and  the  horizontal  scale 
is  a  percentage  scale  of  areas.  The 
maximum  is  100.    No.  1  is  the  charac- 
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Fig.  138. 


the  curb  of  the  foot  pavement  of  Great 
George  Street,  Westminster.  A  slight 
increase  midway  between  the  lamps  is 
due  to  a  lamp  on  the  opposite  side  of 
the  street.  The  minima  were  about 
0'005  foot -candle,  an  illumination  a 
little  greater  than  the  value  calculated 
by  the  cosine-cubed  law.  This  was 
probably  due  to  the  reflection  from 
surrounding  buildings,  or  to  general 
diffused  light. 

The  illumination  on  the  stage  of  the 
Lyric  Theatre  during  the  performance 
of  '  La  Cigale  '  was  3' 8  foot-candles 
without  the  arc  or  lime  lights.  On  the 
stage  of  the  Prince  of  Wales  Theatre 
during  the  performance  of  '  Maid 
Marian  '  the  illumination  was  2*9  foot- 


teristic  of  Queen  Victoria  Street,  on 
the  assumption  that  the  Hghts  are  all 
burning  at  their  best,  as  in  curve  C, 
Fig.  125.  No.  2  is  the  characteristic 
of  the  same  street,  on  the  assumption 
that  the  lamps  are  at  their  Avorst, 
having  just  fed.  No.  3  is  the  character- 
istic of  Whitehall,  the  moonlight  having 
been  deducted.  It  appears  that  about 
one -half  the  area  was  better  lighted 
than  Queen  Victoria  Street.  No.  4  is 
the  characteristic  of  an  ordinary  gas -lit 
street.  No.  5  is  the  characteristic, 
estimated  approximately  only,  of  the 
Architecture  Court  of  the  South 
Kensington  Museum. 


*  See  Vol.  II.,  r.  535. 
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Errors. 

The  science  of  photometry  consists 
in  inteUigent  apprehension  of  the 
principles  of  the  subject,  the  art  of 
photometry  Hes  in  skilful  avoidance 
of  errors.  One  man  may  have  a 
thorough  knowledge  of  the  theory, 
may  be  able  to  treat  it  mathematically, 
may  be  f amihar  with  apparatus  ancient 
and  modern,  and  yet  may  be  unable 
to  measure  the  candle-power  of  a  lamp 
without  making  errors  or  mistakes 
amounting  to  8  or  10  per  cent. 
Another,  practising  photometry  as  a 
trade,  totally  ignorant  of  the  law  of 
inverse  squares,  or  any  other  theory, 
may  be  able  to  make  his  own  sensitive 


But  common  usage  sanctions  "  highly 
accurate  "  and  various  degrees  of  truth 
and  honesty.  Errors  with  which  we 
are  here  concerned  are  the  results  of 
attempts  to  make  a  measurement  under 
difficult  circumstances.  It  is  possible, 
but  very  improbable,  that  the  true 
value  may  be  obtained  by  any  one 
measurement-.  There  are  several  differ- 
ent kinds  of  errors  :  they  may  be  divided 
into  two  classes,  variable  and  constant. 
Variable  or  personal  errors  depend  on 
the  individual.  Constant  errors  relate 
chiefly  to  the  instrument  or  mode  of 
measurement. 

Some  writers  speak  of  known  and 
unknown  errors.    If  an  error  is  known. 


Bunsen  screens  and  test  several 
thousand  lamps  a  day  without  exceed- 
ing the  hmit  of  error,  say  2 J  per  cent. 

By  a  peculiar  ambiguity  in  our  lan- 
guage an  "  accuracy  of  1  per  cent  " 
is  often  used  to  express  the  degree  of 
correctness  of  a  measurement,  when 
an  error  of  1  per  cent  is  implied.  The 
word  "  precision "  is  perhaps  better 
than  "  accuracy,"  because  it  allows 
of  degrees  of  comparison.  An  expres- 
sion is  either  accurate  or  inaccurate: 
it  cannot  be  said  to  be  rather  accurate  ; 
it  may  be  said  to  be  almost  accurate.* 

*  For  a  ^^cnoral  discussion  of  accuracies  and 
errors  sec  an  article  by  the  author,  Electrical 
Eru/ineeriufj,  vol.  i.,  No.  1,  p.  21,  from  which 
parts  of  this  section  are  extracted. 


it  can  be  allowed  for,  and  should  be 
called  a  correction,  not  an  error.  It 
is  not  easy  to  make  a  clear  distinction 
between  errors  and  mistakes.  Errors 
are  inversely  proportional  to  skill  ; 
mistakes,  to  carefulness.  If  the  scale 
is  read  through  an  opening  in  the 
moveable  carriage  of  a  bar  photo- 
meter, the  opening  should  be  wide 
enough,  or  the  numbering  of  the  scale 
should  be  full  enough,  to  allow  at  least 
two  fully  numbered  divisions  to  appear 
in  an  opening.  In  Fig.  140  it  is  easy  to 
make  the  mistake  of  reading  the  in- 
dication as  921  instead  of  879.  That 
would  be  a  sheer  mistake  or  blunder. 

In  using  a  Hefner  or  Harcourt  lamp 
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as  a  standard  of  light,  inaccuracies 
wiU  be  introduced  if  correctness  for 
atmospheric  pressure,  moisture,  and 
C0.2  are  neglected.  It  may  be  said 
that  to  neglect  such  corrections  is  a 
mistake,  but  their  importance  depends 
entirely  on  the  precision  aimed  at, 
and  if  it  is  decided  to  neglect  them,  the 
inaccuracies  become  errors  of  the  mode 
of  measurement  chosen.  In  investi- 
gating the  ageing  of  an  electric  glow- 
lamp  or  of  an  incandescent  gas  mantle, 
by  taking  measurements  from  time 
to  time  against  a  flame  standard,  the 
corrections  should  be  made,  but  it 
would  be  better  to  avoid  them  by  using 
a  sub-standard  electric  lamp  which  is 
used  only  when  measurements  are  in 
progress.  For  checking  a  portable 
photometer  before  starting  for  an 
evening's  work  out  of  doors  in  measur- 
ing cand^.e -power,  a  single  test  against 
an  uncorrected  flame  standard  is  suffi- 
cient, for  uncontrollable  errors  due  to 
light  reflected  from  buildings,  and  to 
uneven  glass  of  globes  or  lanterns  will 
mask  the  small  errors  due  to  neglect 
of  the  corrections. 

Personal  errois  differ  very  consider- 
ably from  instrumental.  Personal 
errors  in  photometry  depend  upon  such 
matters  as  the  following: — 1.  Familiarity 
of  the  worker  with  the  particular  form 
of  photometer  used.  2.  General  ex- 
perience with  photometric  work.  3. 
Physical  condition  of  the  worker.  4. 
The  speed  of  working,  or  in  other  words, 
the  time  allowed  for  each  measurement. 
5.  The  colour  difference.  6.  The  steadi- 
ness of  the  Hght.  7.  The  illumination 
on  the  photometer. 

The  quantity  which  measures  the 
degree  of  precision  or  accuracy  is  the 
error.  The  application  of  the  artificial 
mathematical  theory  of  errors  is  of 
little  use  in  ordinary  scientific  work, 
and  is  futile  in  industrial  measure- 
ments where  the  object  is  to  obtain 
a  numerical  result  and  an  idea  of  its 
accuracy  or  trustworthiness. 

If,  on  the  one  hand,  the  object  is  to 
compare  the  combined  accuracy  of  an 
instrument,  of  a  method,  and  of  an 
observer,  with  some  other  such  com- 
bination, the  "  mean  error  of  a  single 
observation  "  may  be  calculated.  If, 
on  the  other  hand,  it  is  desired  to  know 


the  accuracy  of  the  mean  of  a  number 
of  observations  made  under  the  same 
conditions,  the  "  mean  error  of  the 
result  "  should  be  found.  The  errors 
of  the  observations  are  found  by  com- 
paring the  differences  between  each  of  a 
number  of  observations  and  the  mean 
of  those  observations.  The  differences 
are  then  the  object  of  the  investigation, 
and  the  mean  is  the  standard  to  which 
they  are  referred.  In  calculating  the 
mean  error  of  the  result,  the  result  is 
the  object  of  the  investigation. 

For  the  former  of  these  two  objects, 
namely,  to  ascertain  the  accuracy  of  a 
method,  the  tedious  rules  for  finding 
the  so-called  probable  error  must  be 
employed.  The  investigation  of  Ken- 
nelly  and  Whiting,  to  be  referred  to 
later,  was  of  this  kind.  Twenty-five 
repeated  observations  of  the  same 
quantity  is  about  the  smallest  number 
from  which  a  probable  error  can  be 
reasonably  computed. 

For  all  ordinary  purposes  the  mean 
difference  from  the  mean  of  a  set  of 
observations  suffices  to  measure  the 
precision.  To  find  this,  take  a  number 
of  successive  measurements  made  under 
precisely  similar  conditions,  and  take 
the  mean.  This  gives  the  most  pro- 
bable result.*  No  amount  of  mathe- 
matical theory  of  errors  can  produce  a 
more  plausible  result  from  this  material. 
The  only  way  to  improve  it  is  to  take 
more  measurements. 

The  first  column  of  the  following 
tables  gives  a  set  of  ten  observations 
which  I  made  with  a  perforated  screen 
photometer.  I  consider  them  good, 
but  I  have  made  better. 


d 

1-089 

— -ooo-t 

•00000016 

1-086 

— -0031 

1156 

1-087 

—-0024 

0576 

1-095 

+  •0056 

3136 

1-090 

+  •0006 

0036 

1093 

+  -0036 

1296 

1-095 

+  •0056 

3136 

1-082 

— -0074 

5476 

1089 

— -0004 

0016 

1-088 

— -0014 

0196 

1-0891 

•00308 

•00001504 

*  If  all  the  results  are  ranged  in  order  of 
magnitude,  the  middle  one  has  some  claim  to  be 
the  best,  but  the  selection  and  re-writing  takes 
more  time  than  adding  and  dividing  by  the 
number  of  results. 
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The  mean  is  r0894.  The  last  figure,  4, 
is  beyond  the  possible  range  of  observa- 
tion, and  should  not  be  recorded  as  a 
significant  figure.  The  second  column 
gives  the  difference  between  each  obser- 
vation and  the  mean.  The  eighth 
difference  is  large,  but  not  large  enough 
to  warrant  discarding  the  observation 
as  a  mistake.  The  mean  of  these 
differences,  or  residuals  as  they  are 
sometimes  called,  is  O'OOSOS.  The 
mean  difference  from  the  mean  is 
therefore  about  0'3  of  one  per  cent. 
That  is  sufficient  for  all  ordinary  pur- 
poses as  a  measure  of  the  accuracy  of 
the  observations. 

The  calculation  of  the  mean  error  of 
a  single  observation,  of  the  mean  error 
of  the  result,  and  of  the  so-called  pro- 
bable values  of  these  quantities  is 
rarely  worth  the  trouble,  for  two 
reasons  at  least.  In  the  first  place 
such  values  deduced  from  so  few  obser- 
vations as  10  are  only  approximations, 
and  in  the  second  place,  few  people  can 
spare  time  to  make  more  than  10  obser- 
vations of  a  single  quantity,  unless 
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Fig  140. 

for  very  special  purposes.  The  "  pro- 
bable error  of  a  single  observation  " 
is  smaller  than  the  simple  mean  differ- 
ence from  the  mean,  and  may  be  used 
for  purposes  of  argument  to  show  that 
your  work  is  better  than  somebody 
else's. 

The  following  working  out  of  these 
values  is  intended  rather  to  show  that 
little  if  anything  is  to  be  gained  by 
the  trouble  for  ordinary  industrial 
work.  There  are  two  recognized  rules 
for  the  computation.* 

According  to  the  well  known  and 
more  rigorous  rule, 

i-l  n  {n-l) 

where  e  is  the  mean  error  of  a  single 
observation,  E  the  mean  error  of  the 

*  The  Principlen  of  Science,  Jevons,  vol.  i., 
p.  452.  Adjustment  of  Ohaervalionft,  Wright  an(l 
J  lay  ford.  The  Theory  of  Least  Squares,  Mans- 
field RIerriiiiau,  Physical  Measurements,  Kohl- 
rausch,  Tljird  Ktigli.sh  Edition,  j),  2.  Notes  on 
Ohserrations^  H.  fiUpton, 


result.  2(^2  the  sum  of  the  squares 
of  the  differences  paying  no  regard  to 
sign,  and  n  is  the  number  of  observa- 
tions. The  probable  errors  are  two- 
thirds  of  these.  A  probable  error  does 
not  mean  one  that  is  probable.  It  is 
an  unfortunate  expression.  It  means 
that  the  chances  are  even  for  and  against 
any  given  error  being  greater  or  less 
than  the  corresponding  probable  error. 

The  other  rule*  is  an  approximation, 
and  dispenses  with  the  squaring  of  the 
differences. 

^.e. =0-8453  p,E.=^  (2) 

v/n  (n-I)  V^i 

where  p.e.  is  the  probable  error  of  a 
single  observation.  2d  is  the  sum 
of  the  differences,  and  p.E.  is  the 
probable  error  of  the  result. 

A  third,  and  an  extremely  simple 
rule  may  be  derived  from  this  when 
n=lO. 

p.e.=^d  X  0-089  p.E.=2(Z  x  0-028 

The  errors  of  the  set  of  ten  measure- 
ments already  given  work  out  as 
follows  : — 

(1)  The  mean  difference  from  the  mean        ..  0" 
Mean  error  of  a  single  observation 
_/ 0-0001 
9 

■o-oooi.'> 


0-0041 


Mean  error  of  the  result=  V 


90 


0-OOlJ 


Probable  error  of  a  single  observation^ 

2/3  of  0-0(  41=    0-00272 

Probable  error  of  the  result=2/;i  of  0-0013=^  0-00(  86 
(2)  Probable  error  of  a  single  observation= 

0-8453"'"/T=  

Probable  error  ot  the  result=  =        ^  000866 

(.3)  Probable  error  of  a  single  observation= 

0-0308x0-89=   ..  0-00274 

Probable  error  of  the  result=0  0308  x  o  28=  0-01/086 

In  the  ordinary  work  of  testing  lamps 
in  a  factory,  measurements  are  not 
repeated  unless  it  is  suspected  that 
a  mistake  has  been  made.  In  some 
work  such  as  the  plotting  of  a  rather 
irregular  polar  curve  of  candle-power 
in  different  directions,  it  may  be  better 
to  make  a  single  measurement  at  each 
of  a  large  number  of  angles,  than  to 
repeat  observations  at  the  same  angle 
for  the  purpose  of  taking  the  mean, 
and  securing  greater  accuracy. 

The  foregoing  numerical  expression 
of  errors  is  tedious,  and  not  very 
informative.    The  precision  of  a  set 

♦  Peters' formula.  Asfronomische  Nachrichten, 
vol.  xliv.,  p.  ;{2  (used  by  Kennelly  and  Whiting). 
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of  observations  may  be  clearly  indicated 
when  the  result  is  plotted  as  a  curve 
by  recording  each  observation,  good  or 
bad,  as  a  dot  or  a  little  circle,  and  draw- 
ing a  curve  evenly  among  them. 
When  a  curve  is  drawn  from  calculation 
it  is  not  necessary  to  record  the  cal- 
culated points.  The  reader  must 
assume  that  the  author  has  calculated 
a  sufficient  number  of  points  to  warrant 
the  drawing  of  the  curve.  But  when  a 
curve  is  drawn  from  experiment  it  is 
the  duty  of  the  author  to  place  the 
observations  before  the  reader.  The 
author  draws  the  curve  which  appears 
to  him  to  show  the  result,  but  the 
reader  should  have  an  opportunity  of 
satisfying  himself  that  the  curve  is  a 
good  fit  for  the  observations,  and  he  is 
enabled  to  judge  of  the  precision  of  the 
work  by  the  distribution  of  the  observed 
points.  Where  several  observations  are 
made  under  the  same  conditions,  the 


mean  of  these  may  be  taken  and 
indicated  by  a  single  point,  for  in 
general  they  lie  so  close  together  that 
they  could  not  easily  be  distinguished. 
Fig.  78  is  drawn  in  this  way  ;  each 
point  represents  the  mean  of  ten  ob- 
servations. Fig.  85  shows  the  separate 
observations  of  one  of  these  sets.  Fig. 
103  shows  a  curve  drawn  through 
31  single  unrepeated  observations. 

For  ordinary  scientific  work,  not 
less  than  three  observations  should 
be  made  for  any  given  condition. 
Theory  shows  that  the  accuracy  in- 
creases only  as  the  square  root  of  the 
number  of  observations ;  it  is  there- 
fore not  worth  while  to  make  more 
than  10,  the  number  most  convenient 
for  averaging. 

Having  discussed  what  is  meant  by 
error,  we  shall  proceed  in  the  next 
article  to  consider  some  of  the  sources 
of  personal  error. 


{To  he  continued.) 


A  Museum  Devoted  to  Illumination. 


In  this  journal  reference  has  fre- 
quently been  made  to  the  importance 
of  a  knowledge  of  the  historical  side 
of  the  development  of  illuminants  and 
systems  of  lighting.  In  dealing  with  the 
illumination  of  interiors  having  any 
aesthetic  and  architectural  pretensions 
an  expert  is  needed,  possessing  a 
thorough  knowledge  of  the  development 
of  the  subject  of  illumination  in  the 
past,  and  designers  of  to-day  could  often 
learn  much  by  the  study  of  the  old 
decorative  fixtures  of  the  Middle  Ages. 

A  museum  in  which  these  various 
stages  of  development  can  be  traced, 
and  examples  of  all  the  ancient  types 
of  lamps  and  fixtures  preserved,  would 
therefore  be  of  considerable  value,  and 
it  occurred  to  the  writer  that  some 
account  of  the  great  museums  in 
Munich,  based  on  a  recent  visit  and  on 
information  kindly  supplied  by  the 
authorities,  might  be  of  interest. 

There  are  several  features  in  the 
famous  museums  of  Munich  which 
deserve  special  mention.  Not  only 
are  the  exhibits  in  themselves  excep- 


tionally complete,  but  the  method  of 
exhibiting  them  to  the  public  is  also 
in  many  respects  unique.  For  ex- 
ample, the  information  attached  to 
each  item  is  exceptionally  complete. 
But,  more  than  this,  the  sections  de- 
voted to  scientific  apparatus  have  been 
very  carefully  thought  out  with  a 
view  of  showing  the  apparatus  in  actual 
operation.  The  Rontgen  ray  appa- 
ratus, for  example,  can  be  put  in  actual 
operation  and  its  effects  observed  by 
any  visitor  by  merely  pressing  a 
button.  In  the  same  way  the  visitor 
can  observe  for  himself  through  a 
spectroscope  the  spectra  of  the  various 
metals  and  gases,  even  such  com- 
parative novelties  as  helium,  argon, 
neon,  &c.,  being  available.  The  ad- 
vantage to  the  scientific  student  of 
having  such  a  series  of  actual  spectra 
at  his  disposal  is  obvious.  It  need 
not  be  said  that  considerable  ingenuity 
must  have  been  exercised  to  render 
these  scientific  experiments,  many  of 
which  present  considerable  difficulty 
to  the  student  in  the  laboratory,  so 
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Fig.  1. 


Section  of  tho  Munich  M.iscum  devoted  to  Illumination.     A  collection  of  old  fixtures 
using  inflammable  wood  splinters,  and  old  oil  lamps  is  shown. 


A    MUSEUM  DEVOTED  TO  ILLUMINATION, 


Fig.  2. 


Section  of  the  Munich  Museum  devoted  to  Illumination,    The  illustration  shows 
collection  of  lamps  intended  to  exhibit  the  development  of  street  lighting. 
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certain  in  action  as  to  be  exhibited 
to  the  general  pubhc  in  this  simple  way. 
Another  special  feature  is  the  pro- 
vision of  complete  working  models 
of  coal  mines  and  various  industrial 
operations,  in  Avhich  the  actual  processes 
are  carried  out  mechanically. 

Of  the  greatest  interest,  however,  is 
the  section  of  the  museum  devoted  to 
illumination.  This  is  organized  on 
a  thoroughly  historical  system.  A 
general  view  of  this  portion  of  the 
Museum  is  shown  in  the  accompanying 
illustrations.  Passing  down  this  room 
the  visitor  can  trace  the  gradual  de- 
velopment of  the  hghting  from  the 
use  of  the  old  pine  splinters  of  a  century 
ago  down  to  the  newest  lamps  of  the 
present  day.  In  Fig.  2,  for  example, 
the  readers  can  note  the  antique  iron 
lamps,  in  the  foreground,  and,  but  a 
short  distance  away,  a  series  of  inverted 
arc  lamps.  Passing  through  this  por- 
tion of  the  Museum  the  visitor  traces 
the  development  of  the  candle,  oil 
lamps,  and  gas  lamps  up  to  the  most 
recent  inverted  incandescent  burners, 
and  can  also  follow  the  corresponding 
simultaneous  developments  in  electric 
lamps.  Recourse  is  also  had  to  old 
prints  showing  the  application  of  these 
lamps  in  times  gone  by.  For  example, 
one  illustration  shows  the  lighting  of  an 
art  school  in  Berlin  200  years  ago  by 
means  of  an  iron  basket  containing 
pine  splinters.  One  may  imagine  that 
the  flickering  shadows  of  this  system 
of  lighting  would  have  been  found  very 
inconvenient  by  the  students  of  to-day. 
A  special  section  of  the  Museum  is  also 


devoted  to  the  development  of  street 
lighting,  the  gradual  transition  from 
the  early  oil  lamps  and  beacons  to 
high-pressure  gas  lamps  and  flame  arcs 
of  to-day  being  shown. 

It  may  be  added  that  all  these  lamps 
are  not  locked  away  in  inaccessible 
glass  cases  ;  most  of  them  can  be 
actually  hghted  up,  and  the  observer 
can  readily  gain  an  impression  as 
to  the  illuminating  power  of  many  of 
these  old  sources.  Apparatus  is  also 
provided  to  enable  him  to  ascertain 
the  consumption  of  gas  or  electricity. 
By  pressing  a  button  a  lamp  can  be 
lighted  up  with  the  various  instruments 
attached  thereto,  showing  the  pressure, 
gas  consumed,  &c.  For  example,  a 
series  of  the  latest  incandescent  glow- 
lamps  are  mounted  side  by  side.  They 
can  be  lighted  up  in  succession  by  the 
visitor,  who  can  observe  the  electrical 
pressure,  power  consumed,  and  current 
in  each  case.  A  photometrical  room 
is  even  provided  where  measurements 
of  candle-power  can  be  made.  The 
contents  of  this  museum  are  kept 
thoroughly  up  to  date,  new  lamps 
of  all  descriptions,  gas,  oil,  acetylene, 
electric,  &c.,  being  continually  presented 
as  they  are  put  on  the  market. 

It  need  hardly  be  said  that  such  a 
museum  requires  considerable  super- 
vision. A  special  feature  has  recently 
been  introduced  for  the  benefit  of 
visitors,  namely,  special  trained  guides 
who  speak  several  languages  and  have 
a  scientific  and  technical  knowledge 
of  the  exhibits,  and  Avhose  services 
can  be  secured  at  a  nominal  fee. 


"*-v. 

The   Electrical   Standardizing,   Testing,   and  Training 
Institution,   Southampton   Row,   London,  W.O. 

Appointment  of  Secretary  and  Business  Manager. 

Mr.  Howard  Foulds,  who  for  sixtoon  Illuminating  Enginooring  Society  in  this 

years  has  oecupied  the  position  of  Secre-  country,  lias  Ixnni  with  the  St.  James's 

tary  and  lousiness  Manager  of  the  Eloctri-  and  Tall  Mall  Electric  Light  Co.,  Ltd., 

cal  Staridardizing,  Testing,  and  Training  for  many  years,  and  his  ex])erience  of 

Institution,  Faraday  House,  having  been  modern  installations,  together  with  his 

appf^mted  to  th(i  new  ))ost  of  Secretary  wide  eonnexion  amongst  arehitects  and 

to   the   Eleotricity    DcipartnKmt   of   the  larg(u?leetrie  light  and  ])ower  users,  sliould 

('ity  of  ]5irmingham,  the  (Governors  have  be  of  considerable  value  to  the  Consulting 

lill(;d  the  vacancy  by  the  a))pointment  of  Engineering    side  of    the  Standardizing 

Mr.   ]Ornest  A.  Nash.    Mr.  Nash,   who  Department  of  Earaday  House, 
was  (me  of  tJio  oarliost  suj)portors  of  the 
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Instruction   in  Illuminating  Engineering, 

By  Dr.  F.  K.  Richtmyer. 
( Concluded  from  p.  4-^7.) 


In  order  to  bring  out  in  a  more  con- 
crete manner  the  relative  importance 
of  illumination  measurements  as  com- 
pared with  the  measurement  of  candle- 
power,  the  last  experiment  in  the  course 
— the  study  of  the  illumination  of  a 
lighted  room — is  given  special  emphasis. 
Not  only  is  this  experiment  much 
longer  than  the  others,  but  the  student 


The  "  illumination  room  "  is  a  small 
loom,  approximately  30x19x11  ft., 
painted  white  and  fitted  with  the 
following  four  systems  of  lighting  : — 

1.  Distributed  direct.  —  12  16-c.-p. 
lamps  suspended  with  or  without 
reflectors  about  9  ft.  above  floor. 

2.  Concentrated  direct. — A  single  high 
candle-power  source  in  the  centre. 


O  ©  O  O  ©  O  ^ 


O  ©  O  O  ©  O 
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Fig.  2. — Showing  specially  fixture  giving  indirect  lighting. 


is  made  to  feel  (inductively,  of  course) 
that  the  preceding  experiments,  in- 
volving the  study  of  several  photo- 
meters, measurements  of  mean  hori- 
zontal and  of  mean  spherical  candle- 
power,  effect  of  reflectors,  lamp  cha- 
racteristics, &c.,  are  more  or  less  pre- 
liminary to  this  final  study  of  illu- 
m'ne.tion. 


3.  Distributed  diffuse. — 14  16-c.-p. 
lamps  equally  spaced  in  "  coves  "  at 
the  ends  of  the  ceihng. 

4.  Concentrated  diffuse.  —  A  single 
fixture,  of  original  design,  fixed  approxi- 
mately in  the  centre  of  the  ceihng. 
This  fixture  (see  Fig.  2)  the  reflecting 
surfaces  of  which  are  painted  a  dull 
white,   contains   24  lamps,  arranged 
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in  two  sets  of  2  lamps  on  a  side  (those 
with  crosses)  and  4  lamps  on  a  side 
(those  without  crosses)  respectively,  so 
that  three  diffuse  illuminations  in  the 
ratio  of  1,  2,  and  3  can  be  obtained 
by  using  either  set  or  both  together. 

To  illustrate  the  nature  of  the  work 
done  in  this  room,  a  brief  description 
will  be  given  of  the  test  made  when  the 
room  is  lighted  by  the  diffusing  fixture 
just  described.* 

Following  the  usual  method  of  mak- 
ing such  a  test,  the  floor  of  the  room 
is  laid  out  in  2-foot  squares,  the  rows 
of  Avhich  are  lettered  north  and  south, 
and  numbered  east  and  west.  See 
Fig.  4.  By  means  of  a  previously 
calibrated  Weber  photometer  adapted 
for   illumination    measurements,  the 


was  3*  8;  atF-10  3-8;  and  at  H-10  2*4. 
And  the  Une  marked  "  10  "  in  Fig.  3 
thus  shows  the  change  of  illumination 
along  the  east -west  row  of  stations 
numbered  10.  A  similar  series  of 
curves — not  shown — ^would  be  plotted 
for  the  north-south,  i.e.,  numbered 
rows  of  stations. 

Now  to  "  run  "  the  equilucial  line 
of  say  3  candle-feet,  referring  again  to 
Fig.  3,  line  10,  we  see  that  there  is  an 
illumination  of  3  candle -feet  at  a  point 
(marked  by  the  arrow),  which  is  about 
•  6  of  the  way  from  B  toward  C  on  row  10. 
The  point  thus  determined  is  now 
located  on  the  lay-out  of  the  room. 
(See  point  marked  by  the  arrow.  Fig.  4.) 
In  a  similar  way  all  other  points  having 
an  intensity  of  illumination  of  3  candle- 


Repofit  of  Ti.T M<:K/ve\^  %  B.J.  Johnston. 
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Fig.  3.- Showing  distribution  of  illumination  in  room  lighted  by  fixture  referred  to  in  Fig  2. 


horizontal  illumination  is  measured 
at  the  centre  of  each  of  these  squares, 
and  the  average  taken  as  the  mean 
illumination  over  the  entire  room. 

To  represent  graphically  the  distribu- 
tion of  illumination  an  "  equilucial 
chart  "  is  then  prepared  as  follows  : 
A  series  of  auxihary  curves,  three  of 
which  are  shown  in  Fig.  3,  is  plotted 
with  the  lettered  rows  of  stations  as 
abscissae  and  the  intensity  of  illumina- 
tion at  each  of  these  stations  as 
ordinatcH.  For  example,  referring  to 
Fig.  3,  at  station  B-10  the  intensity  of 
illumination  was  found  by  measure- 
ment to  be  2-5  candle-feet  ;  at  D-10  it 

*  All  data  and  curves  herein  described  are 
taken  froin  the  reports  of  Mr.  II.  T.  McKnew 
and  Mr.  U.  J.  Johnston,  to  both  of  whom  grateful 
acknowledgment  is  made. 


feet  are  located,  and  these  joined  by  a 
smooth  curve.  The  complete  chart  of 
the  room  is  thus  prepared  as  shown  in 
Fig.  4.  The  student  is  asked  to  note 
and  explain  any  irregularities  :  e.g., 
why,  in  this  case  is  the  intensity  of 
illumination  so  much  higher  on  the 
south  end  of  the  room  than  on  the 
north  end,  although  the  fixture  is 
practically  at  the  centre  of  the  ceiling, 
and  to  suggest  means  of  improving 
the  distribution.  In  certain  cases  it 
is  found  desirable  to  carry  out  these 
suggestions,  and  to  note  whether  the 
effect  is  as  predicted. 

In  addition  to  preparing  the  chart, 
the  following  will  illustrate  some  of  the 
computations  made.  (Taken  from  the 
same  report.) 
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Test  on  Concentrated  Diffusing  Fixture 
Average  intensity  of  illumination      1*74  cf. 


Area  of  room 
Flux  of  light  through  horizontal 

plane  (  =  1-74x568)   

Mean  spherical  candle-power  of 

lamps   

Number  of  lamps  

Total    flux  of   light  produced 

(  =  47rl6xll-8)  


568  sq.  ft. 

990  lumens. 

11-8. 
16. 

2375  lumens. 


Efficiency  of  installation 

_ horizontal  flux, 
total  flux 


41-7% 


Following  such  a  test  as  this,  a  test 
may  be  made  of  one  of  the  other 
systems  of  hghting  in  the  illumination 
room,  or  as  is  more  frequently  the  case, 


546 


THE  ILLUMINATING  ENGINEER. 


a  test  of  one  of  the  other  rooms  in  the 
building  not  specially  designed  for  the 
purpose. 

It  has  been  found  advisable  to  leave 
many  phases  of  the  subject  entirely 
unmentioned  and  to  concentrate  on  a 
few  points,  the  reason  being  that  if  a 
student  has  thoroughly  solved  several 
problems  connected  with  illumination 
work  he  is  in  a  much  better  position 
to  attack  new  problems  than  if  his 
work  has  touched  lightly  all  branches 
of  the  subject. 

In  conclusion  the  writer  would  like 
to  join  with  the  editor  of  this  journal 
in  a  plea  for  more  interest  and  greater 
unity  of  action  regarding  this  general 
subject  of  education  in  illuminating 
engineering.  In  all  science,  and  in 
engineering  in  general,  is  there  not  pro- 
portionally too  much  emphasis  laid  upon 
the  promotion  and  advancement  of  the 
science  itself,  by  means  of  the  various 
societies,    journals,    clubs,    &c.,  and 


too  little  upon  the  best  manner  of  pre- 
senting the  fundamentals  to  the  stu- 
dents in  our  schools  ?  Any  one  who 
becomes  at  all  acquainted  with  the 
inside  workings  of  any  technical  school 
cannot  fail  to  perceive  that  its  educa- 
tional methods  are  by  no  means 
settled,  as  the  frequent  changes  in  the 
curriculum  abundantly  testify.  And 
yet,  of  all  the  scientific  and  engineering 
organizations,  few  are  devoted  even  in 
part  to  the  consideration  of  pedagogical 
problems.  Truly,  the  science  of  engin- 
eering education  needs  organized  in- 
vestigation and  discussion  quite  as 
much  as  engineering  science.  And 
cannot  illuminating  engineering,  one 
of  the  youngest  of  engineering  sciences, 
devote  some  of  its  energy,  and  a  small 
part  of  the  space  in  its  journals  regularly, 
to  the  betterment  of  its  educational 
methods,  and  to  securing  greater  co- 
operation between  its  teachers  and  its 
practising  engineers  ? 


The  Public  Lighting  of  Paris  and  its  Influence  on 

Safety. 


A  DISCUSSION  on  the  above  subject, 
which  was  referred  to  in  a  recent 
number  of  the  Revue  des  Eclairages, 
shows  once  again  how  many-sided  are 
the  services  which  illumination  has  to 
render.  The  main  point  at  issue  was 
the  question  whether  in  the  interests 
of  pubhc  safety  a  large  number  of 
street-lamps  at  present  extinguished  at 
midnight  should  not  remain  lighted 
throughout  the  night.  Discussions  on 
the  subject  have  taken  place  at  the 
Paris  Municipal  Council  intermittently 
for  the  last  year  or  two.  As  far  back 
as  December  31,  1907,  M.  Lepine  is 
reported  to  have  declared,  in  answer  to 
a  suggestion  that  certain  of  the  street 
lamps  should  be  extinguished  at  mid- 
night, "  Darkness  is  the  friend  of 
robbers  ;  the  more  gas -lamps  you 
illuminate  the  more  successfully  you 
will  r(;strain  th(;m  from  their  misdeeds." 

Following  this  sev(;ral  petitions  were 
sent  up  to  the  Council  (one  of  them 


bearing  over  20,000  signatures)  in 
favour  of  abolishing  the  system  of 
turning  out  lamps  at  midnight  and 
making  the  whole  service  permanent. 
Of  course,  the  question  of  cost  could 
not  be  lightly  dismissed,  and  it  was 
estimated  that  the  additional  cost  of 
maintaining  the  14,800  lamps  which 
are  now  burning  on  the  short  time  basis, 
throughout  the  entire  night,  would  be  at 
least  15,000/.  per  year.  However,  there 
seems  to  be  such  a  strong  feeling  that 
the  safety  of  the  streets  at  night 
would  be  materially  improved  by  this 
step  that  the  change  will  probably  be 
made  in  the  near  future.  Certainly, 
hearing,  as  one  does,  so  much  of  the 
apparent  growth  of  crimes  in  certain 
parts  of  Paris,  and  of  the  difficulty 
of  suppressing  the  bands  of  "  Apaches  " 
and  their  like,  one  would  imagine  that 
the  police  would  be  grateful  for  the 
assistance  rendered  by  abundant  illu- 
mination. 
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Carbon  Filament  Lamps  as  Photometric  Standards. 


In  a  recent  paper  presented  at  the 
Annual  Convention  of  the  American 
Institute  of  Electrical  Engineers,  E.  B. 
Rosa  and  G.  W.  Middlekauff  described 
some  work  on  incandescent  lamp 
standards  carried  out  at  the  Bureau 
of  Standards  in  Washington.  It  was 
hoped,  as  a  result  of  a  very  careful 
study  of  the  seasoning  process,  and 
the  performances  during  the  sub- 
sequent burning  of  carbon  filament 
lamps,  to  prepare  more  constant  stand- 
ards than  had  hitherto  been  secured. 
Carbon  filament  lamps  have  recently 


and  voltage  suppHed  to  the  lamps 
were  measured  very  accurately  by 
means  of  a  double  potentiometer.  The 
authors  point  out  that  the  maintenance 
both  of  a  constant  current  and  a  con- 
stant voltage,  when  measured,  as  in  this 
case,  to  the  fifth  decimal  place,  pro- 
vides a  very  sensitive  indication  that  the 
resistance  of  the  filament  is  satisfac- 
torily constant.  In  this  way  the 
electrical  conditions  of  the  lamp  are 
kept  as  constant  as  possible,  and  the 
variation  in  candle-power  rendered 
correspondingly  minute.    In  fact,  it 
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proved  to  be  very  convenient  working 
standards.  The  authors  point  out 
that  the  light  from  even  the  best  of 
flame  standards  depends  not  only  on  the 
construction  of  the  lamp  (which  can  be 
reproduced),  but  on  the  quality  of  the 
fuel  used  and  the  state  of  the  atmo- 
sphere ;  these  two  elements  are  con- 
stantly changing,  and  thus  a  degree 
of  uncertainty  is  introduced  from 
which  the  electric  incandescent  lamp  is 
free. 

In  making  the  photometric  tests 
described  in  this  paper,  both  the  current 


can  be  ascertained  whether  a  lamp 
has  been  properly  seasoned  or  no 
merely  by  tracing  the  alteration  in 
resistance  during  ten  minutes  or  less, 
without  measuring  the  fight. 

It  is  interesting  to  note  that  the 
authors  used  a  method  of  automatically 
recording  and  taking  the  mean  of  the 
settings  of  the  photometer  by  means  of 
dots  made  on  a  record  sheet  by  depres- 
sing a  key.  This  resembles  a  device 
recently  described  in  this  journal  by  Mr. 
A.  P.  Trotter,*  and  it  is  stated  that 
*  Ilium.  Eng.,  vol.  ii.,  p.  512. 
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the  method  not  only  eHminates  several 
possible  sources  of  error,  but  also  saves 
much  time  and  labour — an  important 
point  when  a  large  number  of  photo- 
metric observations  have  to  be  taken. 

Some  interesting  tests  were  carried 
out  with,  the  object  of  determining 
whether  it  is  preferable  to  operate  lamps 
during  their  useful  hfe  as  standards, 
at  constant  voltage  (as  is  usual),  or  at 
constant  current,  or  whether  still 
better  results  could  not  be  obtained  by 
operating  at  constant  watts. 

The  results  of  a  large  number  of 
experiments  seem  to  show  that  the 
most  perfect  conditions  are  secured 
when  working  at  constant  watts.  The 
life  curves  reproduced  in  the  accom- 
panying illustration  show  how  im- 
portant it  is  in  precision  photometric 
work  to  keep  a  careful  record  of  the 
current,  and  to  change  the  voltage, 
if  the  resistance  of  the  filament  changes, 
so  as  to  keep  the  watts  constant.  In 


the  first  two  curves  the  j&laments  were 
unchanged  after  forty  hours  of  burning, 
and  the  light  was  practically  constant. 

Naturally  a  group  of  lamps  can  be 
rehed  upon,  as  a  means  of  preserving 
a  unit  of  Hght,  with  much  greater 
certainty  than  could  any  single  lamp. 
Rosa  and  Middlekauff  claim  that  the 
mean  error  of  the  determination  of 
candle-power  on  any  one  lamp  is  only 
0*2  per  cent.  But,  as  the  average  of 
simultaneous  measurements  of  a  group 
of  six  lamps,  an  error  of  only  O'l  per 
cent  is  obtained. 

The  authors  conclude  that  carbon 
filament  lamps,  when  properly  made 
and  carefully  seasoned,  are  remarkably 
reliable  and  permanent,  and  that,  with 
the  precision  of  measurement  and  the 
conditions  of  working  of  standards 
such  as  are  described  in  their  paper, 
the  unit  of  light  might  be  maintained 
constant  for  a  century  by  the  aid  of  a 
single  group  of  lamps. 


Locomotive  Headlight  Tests. 


Colour-blindness  on  the  part  of 
railway  employees,  who  have  constantly 
to  recognize  and  distinguish  between 
signals,  has  long  been  recognized  as  a 
source  of  danger,  to  avoid  which  special 
tests  have  been  prescribed.  In  our 
last  number  we  referred  to  some  sug- 
gestions of  Dr.  Edridge  Green  on  this 
point.*  There  is,  however,  another 
possible  source  of  personal  error  which 
has  not  received  much  attention,  viz., 
the  effect  of  very  powerful  headlights 
in  preventing  the  engine-driver  from 
clearly  distinguishing  signals. 

A  paper  on  this  subject,  giving  the 
results  of  a  large  number  of  tests,  was 
recently  presented  to  the  American 
Institute  of  Elec.  Engs.  by  Messrs. 
C.  F.  Harding  and  A.  N.  Topping.  In 
order  to  reproduce  as  far  as  possible 
working  conditions,  many  of  the  tests 
were  carried  out  on  the  line,  observa- 
tions of  a  signal  being  made  from  a 
special  car  at  varying  distances,  with 
an  opposing  headliglit  placed  behind 
the  signal. 


Ilium.  Eng.,  London,  Aug.,  1910,  p.  522. 


The  tests  showed  that  the  power  of 
correctly  perceiving  signals  was  dis- 
tinctly affected  by  the  luminous  haze 
caused  by  the  headlight  on  the  car.  For 
this  reason  exceedingly  powerful  head- 
lights proved  to  be  undesirable  ;  indeed, 
the  signals  could  be  more  easily  detected 
with  oil  headlights  than  with  the  more 
brilliant  electric  arc.  But  what  was 
even  more  striking  was  the  effect  of 
powerful  opposing  headlights.  The 
"  glare  "  from  such  lights  very  markedly 
interfered  with  the  power  of  distin- 
guishing distant  signal  lights.  In  addi- 
tion, it  was  found  that  a  "  dummy  " 
obstruction,  having  sufficient  bulk  to 
wreck  a  train,  could  be  placed  on  the 
line  without  becoming  visible  to  the 
driver  in  time  to  enable  him  to  pull 
up  if  travelling  at  a  high  speed. 

A  specially  interesting  point  was  the 
investigation  of  so-called  "  phantom  " 
green  signals,  which  are  obtained  by 
reflection  from  the  glass  roundels  of 
the  signals  when  not  lighted.  Such 
phantom  signals  are  particularly  liable 
to  be  seen  when  the  spectrum  of  the 
source  in  the  headlight  is  rich  in  green. 
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The  Box  Integrating  Photometer. 

By  Lancelot  W.  Wild. 


At  a  meeting  of  the  Illuminating 
Engineering  Society  on  March  15th  last 
I  put  the  query  :  Is  the  globe  form 
absolutely  necessary  for  an  integrating 
photometer  and  would  not  a  rectangular 
box,  being  both  easier  and  cheaper 
to  make,  answer  the  same  purpose  ? 

At  the  next  meeting  Professor  Sump- 
ner  submitted  a  communication  on  this 
very  subject,  and  showed  that  theoreti- 
cally the  rectangular  box  should  be 
very  nearly  if  not  quite  as  good  as  a 
globe. 

Prof.  Sumpner  also  took  the  oppor- 
tunity to  point  out  two  very  likely 
sources  of  error  in  either  form  of  photo- 
meter, namely,  the  error  likely  to  be 
introduced  by  a  very  slight  tint  in  the 
lining,  and  the  error  that  may  occur 
if  the  window  is  not  perfectly  diffusive. 
This  communication  was  followed  by 
a  discussion  in  the  Journal,  in  which 
several  acknowledged  authorities  took 
part. 

Prof.  Ulbricht  took  the  view  that  a 
rectangular  box  could  not  be  indepen- 
dent of  the  light  distribution  of  the 
source,  owing  to  the  edges  of  the  box 
being  further  from  the  source  than  the 
middle  of  the  sides.  He  suggested 
40  per  cent  as  a  possible  error  in 
extreme  cases.  If,  however,  equality  of 
distance  is  of  so  great  importance, 
why  is  it  that  the  source  of  light  in  the 
globe  photometer  is  so  commonly  placed 
eccentrically  ? 

Dr.  Bloch  agreed  with  Prof.  Ulbricht 
that  a  rectangular  box  would  not  be 
free  from  the  influence  of  hght  dis- 
tribution. 

Mr.  J.  S.  Dow  suggested  that  a 
rectangular  box  would  be  nearly  as 
good  as  a  globe  if  it  were  made  large 
enough,  and  suggested  that  it  might  be 
made  by  setting  apart  a  whole  room, 
painted  white  inside,  and  provided  with 
a  small  window  which  should  form  the 
test-plate  of  the  photometer  bench. 


Prof.  G.  W.  O.  Howe  wa/S  perhaps 
the  most  comforting,  as  he  stated  that  he 
had  set  his  students  to  make  a  box 
photometer,  and,  so  far  as  had  been 
ascertained,  it  gave  correct  results. 

Prof.  Sumpner  in  his  reply  to  his 
critics  admitted  that  the  subject  could 
not  be  settled  theoretically.  Theoreti- 
cal treatment  is  based  on  the  assump- 
tion that  the  reflecting  surfaces  obey  the 
cosine  law,  which  we  all  know  is  not 
strictly  the  case,  and  also  fails  to  make 
due  allowance  for  "foreign"  bodies 
within  the  sphere  or  box. 

Prof.  Sumpner's  theoretical  treat- 
ment and  Prof.  Howe's  comforting 
contribution  encouraged  me  to  try  my 
hand  at  making  a  box  for  the  particular 
purpose  of  testing  incandescent  lamps. 

Accordingly  I  made  the  box.  The 
inside  dimensions  are  22  in.  long,  20  in. 
wide,  and  20  in.  high.  The  front  is 
pierced  with  a  circular  window  2J  in.  in 
diameter.  One  side  is  hinged  and  is 
opened  for  the  insertion  of  lamps. 
One  J  in.  hole  is  bored  in  centre  of 
back  and  half-a-dozen  J  in.  holes  are 
bored  in  the  roof.  These  are  to  take 
a  J  in.  brass  tube  with  lamp-holder  on 
the  end,  so  that  the  lamp  can  be 
changed  from  vertical  to  horizontal 
whilst  still  occupying  the  same  position 
in  the  box.  A  number  of  J  in.  holes 
are  bored  in  the  roof  of  the  box  to  allow 
of  a  screen  being  suspended  by  a  brass 
rod  in  various  positions  between  the 
lamp  and  window.  Several  screens 
of  different  shapes  and  sizes  were 
constructed  and  various  materials  were 
procured  for  the  window. 

The  box  stands  on  a  bench  with  the 
photometer  test -plate  in  a  fixed  position 
6  in.  from  the  window,  balance  being 
obtained  by  varying  the  distance  of  the 
comparison  lamp.  It  was  found  im- 
possible to  obtain  sufficient  illumination 
of  the  window  to  permit  of  balance 
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being  obtained  by  varying  the  distance 
of  the  test-plate  from  the  window. 

The  first  thing  to  settle  was  the  lining. 
This  must  be  perfectly  neutral  in 
colour,  as  the  least  tint  becomes  greatly 
exaggerated  by  successive  reflections. 

The  first  lining  tried  was  ordinary 
white  cardboard.  This  proved  to  be 
so  very  yellow  as  to  make  it  very  diffi- 
cult to  judge  the  balance  when  lamps 
of  similar  colour  were  compared. 

I  next  tried  white  glazed  paper,  such 
as  is  used  for  printing  from  process 
blocks.  This  was  an  improvement,  but 
was  still  too  yellow. 

I  did  not  think  it  worth  while  to  try 
blotting  paper,  as  I  know  that,  however 
white  to  start  with,  this  very  quickly 
yellows  with  age. 

Finally,  I  lined  the  box  with  zinc, 
and  painted  it  with  six  coats  of  zinc 
oxide  ground  in  oil.  The  object  of 
using  oil  in  preference  to  gum  or  size 
was  to  obtain  a  smoother  surface,  which 
would  be  less  likely  to  catch  the  dust 
from  the  air. 

After  the  third  coat  the  lining  was 
tested  for  colour,  and  came  out  far  too 
blue,  due  apparently  to  the  zinc  show- 
ing through  the  paint.  The  colour, 
however,  improved  with  successive 
coats,  and  after  the  sixth  coat  no  tint 
could  be  noticed  when  tested  with 
either  tungsten  or  carbon  lamps  fairly 
matched  for  colour. 

The  next  thing  to  test  was  the  effect 
of  light  distribution.  For  this  purpose 
a  tungsten  filament  lamp  having  a  very 
small  end-on  candle-power  was  em- 
ployed. The  lamp  was  tried  hanging 
vertically  and  then  placed  horizontally 
in  the  same  position.  I  thus  obtained 
the  same  total  flux  of  light,  but 
differently  di.'itributed.  Tests  were 
made  with  various  screens  and  windows, 
and  with  the  lamp  and  screen  in  various 
positions. 

The  following  results  were  obtained  : 

1.  10  in,  circular  screen,  8  in.  from 
front.  Lamp  8  in.  from  back.  Clear 
window.  T(%st-plat(i  sees  front  of  screen 
otily  and  no  light  from  lamp  falls  directly 
upon  this  side.  Appan^nt  candh^-power 
3  per  cent  greater  with  lamp  filament 
horizontal  than  when  vertical. 


2.  Conditions  as  above,  but  window 
covered  by  thin  blotting  paper  dipped 
in  wax.  Difference  2J  per  cent  on 
changing  over. 

3.  Rectangular  screen,  measuring 
5  in.  by  3  in.,  8  in.  from  front.  Lamp 
8  in.  from  back.  Waxed  blotting  paper 
in  window.  1 J  per  cent  more  emission 
with  filament  horizontal. 

4.  Conditions  as  above,  but  screen 
6 1  in.  from  front.    Same  result. 

5.  5  X  3  screen,  6J  in.  from  front. 
Lamp  8  in.  from  back.  Clear  window. 
Four  per  cent  less  emission  with  fila- 
ment horizontal. 

6.  5  X  3  screen,  6J  in.  from  front. 
Lamp  8  in.  from  back.  Window  of  glass 
dipped  in  wax.  Difference  between 
vertical  and  horizontal  filament  is  nil. 
If  lamp  is  tilted  at  an  angle  of  45  degrees 
2  per  cent  less  emission  is  obtained. 
No  difference  could  be  detected  on 
rotating  the  lamp  suspension  so  that  the 
tip  pointed  in  turn  to  all  the  cardinal 
points  of  the  compass. 

Tests  1  to  4  indicate  that  the  presence 
of  foreign  bodies  is  to  reduce  the 
effectiveness  of  the  light  radiating 
horizontally. 

Test  5  indicates  that  when  no  diffusive 
window  is  employed  the  light  radiated 
horizontally  is  too  effective,  due  to  the 
test-plate  being  directly  exposed  to  a 
large  portion  of  the  back  of  the  box.  " 

Test  6  shows  how  the  effect  of  foreign 
bodies  may  be  compensated  for.  The 
semi  -  diffusive  window  allows  just 
enough  light  to  pass  through  without 
diffusion  to  compensate  for  the  obstruc- 
tion caused  by  the  screen. 

Test  No.  6  also  shows  that  the  light 
emitted  at  45  degrees  is  not  quite  fully 
effective.  Apparently  this  is  due  to  its 
having  to  travel  a  greater  distance 
before  reaching  a  reflecting  surface. 
This  is  a  fault  of  the  rectangular  box, 
which  would  not  be  shared  by  the  globe. 

In  comparing  incandescent  lamps 
of  ordinary  construction,  the  variation 
in  the  ratio  of  horizontal  candle-power 
to  candle-power  at  45  degrees  is  not 
very  large,  and  it  seems  probable  that 
th(^  (^rror  du(^  to  the  rectangular  form 
of  box  would  be  smaller  than  could 
be  detected. 
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If,  however,  one  had  to  compare 
two  lamps,  the  one  with  vertical  fila- 
ments and  the  other  with  filaments  all 
inclined  at  45  degrees,  the  latter  would 
come  out  about  2  per  cent  too  low. 

Whilst  the  tests  for  effect  of  distribu- 
tion were  in  progress  I  also  made  tests 
to  ascertain  the  best  position  for  the 
lamp,  so  that  the  hght  emitted  should 
not  be  affected  by  small  changes  of 
position. 

With  the  5x3  screen  6 J  in.  from 
front  and  the  waxed  glass  window  no 
change  could  be  detected  on  moving  the 
lamp  from  8  in.  from  back  to  7  or  9  in. 
from  back.  At  10  in.  from  back  the 
light  was  reduced  by  about  |  per  cent 


and  at  11  in.  by  3  per  cent.  It  was  also 
found  that  the  lamp  could  be  moved 
1  in.  up  or  down  or  to  either  side  with- 
out any  change  being  apparent.  The 
effect  of  foreign  bodies  becomes  accen- 
tuated when  the  lamp  is  placed  too  near 
to  the  screen  or  either  walk 

It  appears  that  for  testing  incan- 
descent lamps  a  rectangular  box  con- 
structed on  these  lines  is  quite  practic- 
able, and  in  practice  is  not  likely  to  lead 
to  error  if  due  precautions  are  taken. 

With  the  test-plate  at  6  in.  from  the 
window  the  illumination  obtained  from 
a  16  candle-power  lamp  is  1*5  candle- 
foot,  which  is  quite  a  convenient  figure 
to  work  with. 


Concrete  Blackboards  for  Schools. 


The  clearness  to  those  at  the  back  of 
the  room  of  the  writing  and  diagrams 
chalked  on  the  surface  of  a  blackboard 
depends  very  much  upon  the  material 
of  which  this  surface  is  composed.  In 
many  large  lecture  theatres  there 
will  be  found  students  at  the  back  of 
the  room  to  whom  reading  the  par- 
ticulars on  the  board  presents  diffi- 
culties. Not  infrequently  handwriting 
on  the  board  is  difficult  for  even  a 
person  of  normal  sight  to  distinguish 
under  these  circumstances,  and  this 
is  at  least  partially  attributable  to  the 
reflecting  quality  of  the  surface. 

One  defect  in  some  slate  blackboards 
is  that  the  surface  is  too  shiny,  with  the 
result  that  regularly  reflected  light 
shines  into  the  eyes  of  the  observers 


and  obscures  the  chalked  writing.  In 
other  cases  the  material  is  not  a  "  dead 
black,"  but  is  greyish  in  tint,  so  that 
the  contrast  with  the  white  writing  is 
not  sufficiently  marked.  What  is  really 
needed,  apart  from  the  proper  condi- 
tions of  illumination  of  the  board,  is 
the  provision  of  an  absolutely  dead 
mat  black  material.  According  to  a 
recent  numbar  of  Popular  Mechanics, 
concrete  blackboards  are  being  now 
introduced  into  classrooms  in  the 
United  States,  and  are  proving  very 
effective.  By  this  means  a  surface 
flush  with  the  wall  and  of  a  very  dead 
black  can  be  secured,  so  that  the  board 
can  be  viewed  quite  satisfactorily  from 
any  angle,  without  any  glare  being 
seen. 


Municipal  Electric  Light  ; 

United 

According  to  The  American  Gas  Light 
Journal  there  were  in  1907  1,252 
municipal  central  stations  in  the  United 
States.  Of  these  only  521  were 
"  purely  electric,"  but  731  were  "  com- 
posite," i.e.,  engaged  also  in  other 
business  (such  as  gas  supply)  in  addition 
to  the  supply  of  electrical  energy. 


,nd  Power  Station  in  the 
States. 

Of  the  3,462  commercial  central 
stations  nearly  two-thirds  were  "  purely 
electric."  The  fact  that  a  relatively 
much  greater  proportion  of  the  mmii- 
cipally  OAmed  central  stations  are 
"  composite  "  is  explained  by  the 
tendency  of  municipalities  to  supply 
gas  and  water  as  well  as  electricity. 


552 


THE  ILLUMINATING  ENGINEER, 


High  Efficiency  Lamps; 

Their  Effect  on  the  Cost  of  Light  to  the  Central  Station. 
By  S.  E.  Doane. 


(Paper  read  before  the  National  Electric  Light  Assiciation  at  its  Thirti^-third  Convention  held  at  St.  Louis, 

May  23-27,  1910  ;  abbreviated.) 


The  extrem3  importance,  from  the 
standpoint  of  the  Electricity  Supply 
Company,  of  the  advent  of  the  metallic 
filament  lamp  has  led  to  the  pubhca- 
tion  of  a  great  many  papers  on  the 
subject.  Mr.  Doane  points  out  how 
the  number  of  papers  of  this  kind  has 
increased  of  recent  years.  He  suggests, 
however,  that  only  in  a  few  cases  has 
any  adequate  attempt  been  made  to 
attack  the  problem  on  the  most  pro- 
fitable lines,  namely,  on  the  basis  of 
analysis  of  costs.  Dr.  John  Hopkin- 
son,  in  1892,  was  the  first  to  divide 
costs  into  "  fixed  "  and  "  operating  " 
classifications ;  and  Mr.  Doherty,  in 
1900,  adopted  the  same  method,  and 
also  proceeded  to  subdivide  further 
the  fixed  costs.  Practically  the  only 
statistical  information  on  the  subject, 
however,  is  that  contained  in  the  United 
States  Census  and  in  the  reports  of  the 
various  State  Commissions.  Mr.  Doane, 
however,  has  received  special  assist- 
ance from  the  Central  Station  Engineers 
throughout  the  country,  who  have 
freely  opened  their  books  to  him  for 
information.  A  number  of  men  on 
his  staff  have  been  engaged  for  two 
years  in  collecting  and  tabulating  the 
data  here  presented. 

In  studying  these  questions  it  is 
first  of  all  necessary  to  make  certain 
assumptions  on  which  further  argu- 
ment can  be  based.  Mr.  Doane  there- 
fore proceeds  : — 

First.  Let  us  agree  that  our  dis 
cussion  is  limited  to  the  lighting  load. 

Second.  Ltit  us  agree  that  in  order 
to  obtain  a  fair  avc^rage,  and  to  include 
the  yearly  mid-winter  peak,  our  analysis 
must  cover  a  period  of  at  least  one 
year. 


Third.  Let  us  agree  that  the  aver- 
age equipment  in  the  country  as  a 
whole  must  be  considered  to  be  not 
excessive  for  the  maximum  demand, 
from  the  standpoint  of  a  cost  analysis. 

Fourth.  Let  us  agree  that  every 
item  of  out -go,  including  dividends, 
interest,  depreciation,  obsolescence,  and 
all  losses,  are  as  much  items  of  cost  as 
the  usual  items  of  coal,  labour,  &c. 

As  a  basis  for  the  discussion  which  is 
to  follow,  I  wish  to  present  the  results 
of  a  careful  cost  analysis  of  a  number 
of  Central  Stations,  which  is  sum- 
marized in  Table  I.  In  this  table  four 
separate  cases,  designated  as  "a," 
"c,"  and  "cZ,"  are  shown, 
together  with  their  weighted  average. 

In  the  following  table,  "  a  "  repre- 
sents a  large  Central  Station  giving 
free  renewals,  "  6  "  represents  another 
large  Central  Station  operating  under 
considerably  different  conditions,  but 
also  giving  free  renewals,  "  c  "  and  "  «Z  " 
represent  the  average  conditions  of 
a  number  of  small  Central  Stations. 
There  are  about  70  Central  Stations  in 
the  East,  represented  in  "  c,"  and 
about  40  in  the  West  in  "  d." 

The  percentage  distribution  of  the 
total  cost  under  the  items  "  General 
Expense,"  "  Distributing  Expense," 
"  Generating  Expense,"  &c.,  is  shown 
separately  for  each  of  the  four  cases 
represented  in  the  column  headed 
"  Per  Cent  of  Total  Station  Expense." 
Each  of  these  items  has  been  further 
analyzed  and  distributed  by  percentage 
under  one  or  more  of  the  headings  as 
shown  in  the  last  three  columns  of 
Table  I.  The  portion  of  each  item 
charged  to  "  Output  "  represents  the 
relative  proportion  of  the  cost  which 
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TABLE  1. 
Central  Station  Cost  Analysis. 


Per  Cent  of  Total 

Per  Cent  Item  Proportional  to 

Station  Expeose. 

Oiifnnf 

\J\X  t^UL. 

f!nn<jnmprii 

a 

12.7 

75.4 

24.0 

7, 

ij 

71.0 

29.0 

c 

82.8 

17.2 

It 

in  0 

80,0 

20.0 

VV  CJgll  Lcll 

1 

y 

12.0 

76.9 

23.1 

average 

a 

15.2 

50.2 

26.4 

h 
u 

0  7 

44.7 

21.4 

3.3.9 

C 

1  7  Q 

50.6 

24.7 

24.7 

It 

1  9  Q 

31.8 

56.9 

11.3 

Weighted 

{ 

14.4 

47.0 

28.9 

24.1 

average 

I 

a 

13.4 

oU.  / 

19.3 

b 

17.7 

74.6 

25.4 

c 

5?9  1 
Oil.  1 

70.3 

29.7 

... 

(I 

^19  Q 

67.9 

32.1 

W^eighted. 

{ 

23.9 

72.0 

28.0 

average 

I 

a 

8.1 

... 

80.0 

20.0 

10.9 

... 

86.2 

13.8 

c 

O.O 

85.9 

14.1 

Ui 

CA  A 

OA  A 

Weighted 

c 

\ 

7.8 
11.6 

84.0 
80.0 

16.0 
20.0 

average 
a 

I 

u 

1 1 

79.5 

20.5 

C 

85.9 

14.1 

,7 
(I 

U.U 

80.0 

20.0 

W^eigJited 

9.8 

81.8 

18.2 

average 

a 

39.0 

1  Q  1 
lo.i 

CSi.  1 
Oo.i 

b 

35.7 

27.2 

55.1 

17.7 

24  1 

26.4 

61.4 

12.2 

d 

33.6 

8-9 

73.7 

17.4 

Weighted 

{ 

32.1 

19.7 

63.7 

16  6 

average 

a 

100.0 

23.5 

58.5 

18  0 

b 

100.0 

27.2 

55-1 

17.7 

c 

100.0 

37.9 

50.8 

11.3 

d 

100.0 

28.9 

69.5 

11.5 

Weighted 

/ 
I 

100.0 

30.3 

55.1 

14.6 

average 

"  tt"  Represents  a  large  Central  Station  giving  free  renewals. 

Represents  a  large  Central  Station  giving  free  renewals, 
"c"  Eepresents  the  average  of  about  70  Stations  in  the  East. 
"cZ"  Represents  the  average  of  about  40  Stations  in  the  West. 


depends  upon  the  number  of  kw.-hrs. 
generated.  The  portion  charged  to 
"  Demand "  represents  the  relative 
proportion  of  the  cost,  which  depends 
upon  the  capacity  of  the  station,  which 
in  turn  depends  upon  the  "  Demand." 
The  portion  charged  to  "  Consumers  " 
represents  the  relative  proportion  of  the 
cost,  which  depends  upon  the  number 
of  consumers  connected  and  served. 

In  the  foregoing  table  the  fixed  costs 
have  been  divided  into  two  subdivisions, 
one  of  which  we  call  the  "  Demand 
Cost,"  the  other  the  "  Consumer's 
Cost."    After  a  proper  allowance  for 


the  diversity  factor,  this  demand  cost, 
expressed  as  a  fixed  charge  per  kw. 
of  maximum  demand,  indicates,  in  our 
judgment,  the  amount  which  would 
properly  cover  the  cost  involved  in 
supplying  the  maximum  demand.  This 
cost  is  one  of  the  two  components 
which  go  to  make  up  the  total  fixed 
cost.  It  may  be  claimed  that  this 
demand  cost  is  not  the  same  per  kw. 
of  maximum  demand  for  all  sizes  and 
classes  of  customers.  The  advocates  of 
this  view  tend  to  increase  the  demand 
cost  per  kw.  of  demand  to  the  smaU 
customer,  consequently  any  concession 
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to  this  view  magnifies  this  feature  of 
the  cost  analysis  for  customers  of  the 
average  size,  and  smaller  customers. 

Mr.  Doane  then  proceeds  to  mention 
a  few  examples  of  the  doubtful  points  in 
classification  which  occur  in  connexion 
with  the  allocation  of  the  "  Demand  " 
and  the  "  Consumer's  "  cost.  There 
are,  of  course,  many  such  vexed  ques- 
tions of  detail  to  consider,  but  they  are 
usually  not  of  sufficient  magnitude  to 
affect  the  broad  deductions  contained 
in  the  paper.    He  proceeds  : — 

As  we  go  further  into  this  subject, 
the  extreme  importance  of  the  con- 
sumer's cost,  especially  in  the  case  of 
the  small  consumer,  must  be  conceded, 
and,  consequently,  we  have  distributed 
these  costs  with  extreme  care. 

We  believe  that  the  percentages 
we  give  in  the  table  are  conservative, 
and  that  they  indicate,  at  least,  the 
nominal  cost  at  which  a  new  customer 
can  be  added  to  the  system  on  the  pre- 
sent basis. 

We  must  concede  that  every  cus- 
tomer, no  matter  how  small,  must 
have  a  pair  of  wires  and  necessary  poles, 
fixtures,  conduits,  &c.,  to  bring  the 
wires  to  his  premises.  We  must  con- 
cede that  he  must  have  a  meter  or 
some  current  limiting  device,  and  that 
he  must  demand  some  attention  in  the 
way  of  meter  reading,  inspection, 
billing,  &c.  Consequently,  we  must 
all  agree  that  any  given  customer,  as 
pointed  out  by  Mr.  Doherty,  costs 
the  Central  Station  some  definite 
minimum  amount  per  year  or  average 
month,  even  though  it  may  be  that  he 
uses  no  current  whatever. 

The  three  divisions  of  costs  indicated 
above  are  commonly  referred  to  as  the 
"  Demand  Cost,"  the  "  Consumer's 
Cost,"  and  the  "  Output  Cost,"  and  in 
analyzing  costs  of  rendering  service 
and  energy  to  individual  consumers 
are  conveniently  expressed  as  unit 
costs  in  terms  of  kw.  of  maximum 
d(;mand  (or  equivalent  unit,  such  as 
floor  space  illuminated  or  light  dc- 
Jivcrcjd),  the  customer,  and  the  kvv.-hr. 
r(;spectiv(^]y. 

Thv,  two  large;  Central  Stations  men- 
iiorifd  in  items  "  a  "  and  "  b  "  of  the 
tabic  liavc  rather  large  average  cus- 
tomers.   Their  average  customers  con- 


sume about  3*6  and  3*2  kw.  respectively 
at  the  time  of  maximum  demand. 

The  Massachusetts  Commission  report 
would  indicate  that  the  average  cus- 
tomer of  Massachusetts  consumes  about 
15  kw.  at  the  time  of  maximum  demand. 
The  Wisconsin  Commission  report 
would  indicate  1*8  kw.  as  the  average 
maximum  demand.  Our  observations 
would  tend  to  confirm  these  figures, 
and  our  further  analysis  indicates  that 
11  per  cent  is  about  the  right  load 
factor  to  apply  to  the  average  con- 
sumer. We  have  also  assumed  that  a 
load  factor  of  7  per  cent  may  represent 
a  short  hour  user,  and  a  load  factor  of 
20  per  cent  a  long  hour  consumer. 
The  term  "  load  factor  "  in  this  con- 
nexion is  used  to  mean  the  percentage 
which  the  actual  kw.-hrs.  consumed 
in  a  year  bears  to  the  total  number  of 
hours  in  a  year,  namely,  8,760  times  the 
maximum  demand. 

Let  us  now  discuss  the  effect  of  the 
high  efficiency  lamps  on  the  cost  of 
serving  the  Central  Station  average 
customer,  after  which  we  will  consider 
the  effect  of  the  high  efficiency  lamps 
in  serving  larger  and  smaller  customers 
with  larger  and  smaller  load  factors. 

With  the  figures  in  the  foregoing 
portion  of  this  paper  as  a  basis,  we 
have  plotted  some  diagrams  which  show 
the  effect  of  the  adoption  of  the  high 
efficiency  lamps  by  a  customer  of  I '6 
kw.  maximum  demand  and  11  per  cent 
load  factor.    (See  Fig.  1.) 

We  have  chosen  to  graphically  repre- 
sent the  relative  distribution  of  the 
three  items  of  cost  entering  into  the 
cost  of  serving  the  individual  consumer 
under  various  conditions  by  rectangles 
divided  into  three  parts,  which  show, 
according  to  the  relative  size  of  the  parts, 
the  magnitude  of  the  several  items  of 
cost. 

The  first  single  rectangle  in  Fig.  1 
represents  the  cost  of  the  average  con- 
sumer, which  we  have  assumed  to  have 
1'6  kw.  maximum  demand,  and  a  load 
factor  of  11  per  cent.  L:>t  us  assume 
now  for  a  mom-nt  that  this  average 
customer  changed  to  some  one  of  three 
high  efficiency  lamps,  and  obtained 
the  same  amount  of  light  as  before. 
The  result  is  shown  in  the  middle  group 
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of  diagrams  in  which  the  longest 
parallelogram  shows  the  effect  on  the 
cost  of  the  adoption  of  the  Gem  lamp, 
the  next  the  Tantalum  lamp,  and  the 
third  the  high-class  Tungsten  filament 
lamp.  It  will  be  noted  that,  without 
adding  any  new  customers,  the  Central 
Station  is  unable  to  reduce  the  demand 
C03t,   which  is   charged   against  the 
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Gem 

Tantalum 
Tungsten 

Gem 

Tantalum 
Tungsten 


Present  Cost 
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Tantalum  lamps  is  13  per  cent,  and 
the  reduction  due  to  the  adoption  of  the 
high-class  Tungsten  filament  lamp  is 
19- 5  per  cent.  It  is  evident,  therefore, 
that  even  though  the  consumer's  con- 
sumption of  energy  is  reduced  two- 
thirds,  the  cost  of  hght  is  only  reduced 
by  two -thirds  of  that  portion  of  the 
cost  which  varies  with  the  kw.-hrs. 
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Fig.  2. 


Consumer  having-  T6  K.W.  max.  demand  Consumer  havino-  Consumer  having 


Carbon 
Gem 

Tantalum 
Tungsten 

Gem 

Tantalum 
Tungsten 


and  11  p.c.  load  factor. 
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Fig.  5. 

Consumer  having  20  K.W.  max.  delnand  Consumer  having  20  K.W.  max.  demand 
and  7  p.c.  load  factor.  and  20  p.c.  load  factor. 


RELATIVE  COST  OF  PRODUCING 
A  GIVEN  AMOUNT  OF  LIGHT. 


Consumer  cost. 
Demand  cost. 
Output  cost. 


customer,  and  that  the  sole  reduction 
in  cost  is  therefore  due  to  the  reduction 
in  the  number  of  kw.-hrs.  required  to 
produce  the  same  amount  of  light  in  a 
more  efficient  manner. 

In  the  illustration  the  immediate 
reduction  of  cost  due  to  the  adoption 
of  the  Gem  lamp  is  8" 7  per  cent,  the 
reduction  due  to  the  adoption  of  the 


The  total  cost  reduction  is,  therefore, 
only  about  20  per  cent  instead  of  60 
per  cent. 

In  all  these  assumptions  the  renewal 
cost  of  the  lamp  has  not  been  con- 
sidered to  have  increased,  since  it  is 
beheved  that  the  general  practice  of 
Central  Stations  everywhere  is  to 
charge  the  difference  between  the  cost 
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of  the  carbon  lamp  and  high  efficiency 
lamps  to  the  customers,  and  as  this 
cost  of  Ught  is  being  considered  from 
the  standpoint  of  the  Central  Station, 
the  cost  of  renewal  does  not  figure 
therein. 

In  the  same  diagram  the  lowest 
group  composed  of  the  three  short 
rectangles  shows  what  happens  when 
the  station  has  added  enough  customers 
to  entirely  utihze  its  output  after  every 
customer  has  been  changed  to  high 
efficiency  lamps.  This  shows  that  by 
the  adoption  of  the  high -class  Tungsten 
filament  lamp  the  cost  of  producing 
light  for  the  average  consumer  is 
reduced  55  per  cent. 

A  tabular  expression  of  these  dia- 
grams is  given  later  in  a  complete 
summary. 

The  total  cost  to  the  Station  for  the 
individual  customer  can  be  determined 
when  the  maximum  demand  and  the 
load  factor  are  known.  Assuming  a 
customer  of  small  size,  having,  we  will 
say,  0*5  kw.  as  maximum  demand,  let 
us  analyze  the  cost  conditions  with 
both  short  and  long  hour  use  as  repre- 
sented by  load  factors  of  7  per  cent 
and  20  per  cent  respectively.  The 
results  are  indicated  in  Figures  2  and  3. 
I  may  say  that  if  our  assumption  of 
1*6  kw.  as  the  average  demand  of  a 
customer  is  wrong,  this  quantity  0*5  kw. 
is  also  wrong  numerically,  but  still 
illustrates  correctly  the  effect  on  the 
cost  of  serving  a  customer  of  one-third 
the  average  size,  whatever  that  average 
size  may  be. 

We  find  that  when  such  a  customer 
is  a  short  hour  user  that  the  cost  of 
kw.-hrs.  is  only  about  16  per  cent  of  the 
total  cost  when  the  customer  uses 
carbon  lamps,  and  is  only  about  6  per 
cent  of  the  total  cost  when  the  customer 
uses  the  highest  efficiency  lamp ;  and 
we  further  develope  the  astonishing 
fact  that  even  when  such  a  customer 
receives  the  maximum  benefit  of  this 
new  lamp  by  addition  of  enough  cus- 


tomers to  employ  the  entire  capacity 
of  the  Central  Station,  when  utiHzed 
with  high  efficiency  lamps  the  cost  of 
actual  energy  consumed  is  still  only  about 
10  per  cent  of  the  total  cost  of  carrying 
such  a  customer.  Further  reference 
to  the  comparative  values  shows  that 
even  in  the  case  of  a  long  hour  user 
having  the  same  maximum  demand 
the  kw.-hrs.  consumed  cost  the  Central 
Station  but  a  very  small  part  of  the 
total  cost  for  the  customer.  Most  of 
the  cost  in  the  case  of  the  small  con- 
sumer is  involved  in  supplying  service 
of  one  character  or  another.  These 
diagrams  indicate  that  the  high  effi- 
ciency lamp  materially  reduces  the 
cost  of  producing  a  given  amount  of 
light  for  such  a  customer,  but  that  in 
the  case  of  the  average  small  customer 
the  reduction  in  cost  is  in  no  sense 
comparable  with  the  reduction  in 
energy  required  for  a  given  quantity 
of  light. 

Reference  to  the  diagram  shows 
further  that  the  cost  of  supplying  current 
is  a  small  percentage  of  the  total  cost, 
and  a  reduction  of  a  small  percentage 
in  that  cost  gives  almost  no  saving  in 
cost  whatever.  If  we  succeed  in  fully 
loading  up  the  station  with  lamps 
of  higher  efficiencies,  the  cost  of  the 
smaller  customers  will  be  reduced  to 
82,  73,  and  60  per  cent  of  the  present 
cost  with  gem,  tantalum,  and  tungsten 
filament  lamps  respectively. 

Figures  4  and  5,  representing  a  large 
consumer,  show  a  very  different  situa- 
tion, as  it  will  be  observed  that  the 
consumer's  cost  is  an  insignificant 
proportion  of  the  whole.  The  first 
reduction  in  cost  due  to  the  use  of 
high  efficiency  lamps  by  a  short  hour 
customer,  of  this  size,  is  only  about 
15  per  cent  when  such  a  customer  uses 
the  highest  efficiency  lamp  most  ad- 
vantageously. A  summary  of  the 
foregoing  diagrams  will  follow  in  the 
continuation  of  this  paper. 


(To  he  continued.) 
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School  Lighting. 


(Notes  on  a  lecture  recently  delivered  by  Dr.  N.  Bishop  Harman  before  the  Public  Health  Dept.  of  University 

College,  London.) 


An  interesting  lecture  dealing  with 
some  aspects  of  the  above  subject  was 
recently  delivered  before  the  Public 
Health  Department  of  University 
College  by  Dr.  N.  Bishop  Harman,  and 
is  referred  to  in  a  recent  number  of 
School  Hygiene. 

The  environment  of  the  greatest  im- 
portance in  a  school,  he  said,  is  light, 
though,  to  judge  from  the  conditions  in 
some  schools  visited,  this  is  not  so 
generally  recognized  as  might  be 
supposed. 

Arrangement  of  Windows. 

One  vital  point  as  affects  daylight 


remains  only  the  left  hand — and  light 
therefrom  is  at  its  best." 

It  is  therefore  desirable  that  the  left- 
hand  wall  of  the  classroom  should  carry 
one  large  window  extending  from  five 
feet  above  the  floor  to  the  clear  level 
of  the  ceiling.  Sunblinds  should  be  of 
cream  hoUand  material,  and  not  only 
the  desks  but  the  blackboards  and 
charts  in  the  teacher's  part  of  the 
room  should  be  well  hghted. 

Artificial  Lighting. 

Artificial  illumination  is  rarely  as 
satisfactory,  from  the  hygienic  stand- 


FlG.  1. 

Plan  of  room  ill-arranged.  Natural  light  is 
to  left,  but  is  separated  from  desk  area 
A  B  C  D  by  gangway. 

Artificial  lights  are  hung  at  X  X  X  X  and 
are  too  close  together. 

illumination  is  the  extent  and  position 
of  the  windows.  Now  windows  can, 
as  a  rule,  only  be  placed  along  one  side 
of  a  room  in  any  large  building,  and 
therefore  shadows  can  hardly  be 
avoided,  (though,  it  may  be  added, 
their  intensity  depends  very  much  on 
whether  the  walls  are  hght  or  dark  in 
tint).  In  this  connexion  Dr.  Harman 
remarked  :  "  Light  from  behind  is 
absurd — the  child  sits  in  its  own  light. 
Light  from  the  front  is  bad — the  child 
is  dazzled  by  the  glare.  Light  from  the 
right-hand  side  is  poor — shadows  are 
cast    on    the    writing   hand.  There 
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Fig.  2. 

Plan  of  well-arranged  room  for  40  children. 
Left  window  light.  Incandescent  gas-light 
points  at  A  for  infants  ;  at  B  for  higher 
standaids  ;  at  X  a  point  of  light,  with  opaque 
shield  to  screen  it  from  children,  for  illumi- 
nation of  teacher's  desk  and  blackboard. 

point,  as  that  prevaihng  in  the  day- 
time. So  far  as  possible,  therefore, 
close  work  such  as  sewing  should 
be  stopped  when  daylight  fails.  A 
common  fault  in  artificial  fighting 
is  the  crowding  of  the  fights  near 
together  in  the  centre  of  the  room  so 
that  the  distribution  of  light  is  very 
imperfect.  Some  desks  receive  more 
light  than  they  require  ;  others  receive 
too  little.  Moreover,  the  fight  \\1U 
strike  many  of  the  desks  from  the 
wrong  direction,  and  some  of  the 
children  will  nearly  always  be  found  to 
be   working  in  their  own  shadows. 
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For  example,  Fig.  1  shows  a  room  in 
which  this  mistake  has  been  made,  while 
Fig.  2  shows  an  arrangement  which 
Dr.  Harman  considers  much  more  satis- 
factory, as  it  not  only  serves  to  illumi- 
nate the  desks  adequately,  but  also  pro- 
vides special  lighting  of  the  blackboard. 
The  value  of  shades  and  reflectors,  as  a 
means  of  diffusing  and  distributing  the 
light  more  efficiently, deserves  particular 
mention. 

"  Acuteness  of  Vision    as  a  Photometric 
Test. 

As  a  rough  method  of  testing  whether 
the  illumination  is  sufficient  Dr.  Har- 
man has  used  a  chart  consisting  of  a 
card  on  which  is  marked  out  a 
series  of  dots  of  different  sizes  as 
in  Fig.  3.  It  should  be  possible  to 
see  the  row  of  smallest  dots,  -as  a 
distinct  series,  at  a  distance  of  six 
metres.  These  dots  are  made  to  the 
size  of  Snellen's  type  D  =  6,  and  the 

■  ■■■■■■■■■  D=6 

B   H   I    H   H  H 

H   H   Hi  IH  H  1^=12 


Fig.  3. 


space  between  each  black  dot  should  be 
equal  to  the  space  covered  by  it. 
Other  rows  of  dots  of  larger  size 
corresponding  to  D  =  9,  12,  18,  &c.,  are 
provided.  In  any  schoolroom  it  is 
desirable  that  the  row  D=6  should  be 
clearly  seen  at  the  prescribed  distance. 
If  the  row  18  is  not  clearly  distinguish- 
able, then  the  illumination  is  un- 
doubtedly insufficient.  An  illumina- 
tion of  10  metre -candles  is  the  minimum 
permissible  illumination. 

Illuminated  Detail  and  Eyesight. 

Special  emphasis  should  also  be 
placed  on  the  necessity  for  good  bold 
type.  Hard  white  paper,  free  from 
excessive  shine,  and  heavy  Clarendon 
typ(!  are  desirable.  Small  typc^  must 
b(!  avoided  at  all  costs.  It  tries  both 
the  eyes  and  the  >)rain.  However, 
close  vision  is  always  apt  to  be  trying 
to  small  children.    Dr.  Harman  de- 


clares that  for  the  younger  classes  he 
would  far  rather  use  well -lighted  black- 
boards and  no  books  at  all.  In  any 
case  the  main  essentials  in  any  class 
are  "a  good  teacher  first  and  a  few 
good  books  a  long  way  second." 

Again,  quite  apart  from  the  physio- 
logical effect  of  the  examination  of  fine 
detail  on  the  eyesight,  there  is  the 
psychological  aspect  of  the  matter  to  be 
considered.  Young  children  are  not 
interested  in,  or  capable  of  appreciating, 
fine  distinctions  or  minute  detail. 
The  child's  ideas  are  simple.  Pictures 
should  therefore  be  of  a  correspondingly 
plain  and  simple  character  without 
"  niggling "  masses  of  fine  lines.  In 
writing,  broad  penmanship  and  strength 
of  line  are  desirable  for  the  same 
reasons.  Spidery  writing  and  fine  pens 
are  objfectionUble. 

Testing  the  Fatigue  of  Vision. 

One  very  interesting  point  touched 
upon  by  Dr.  Harman  in  this  lecture 
was  the  testing  of  eye -fatigue.  We 
should  find  it  a  much  easier  matter  to 
determine  when  the  lighting  conditions 
in  a  room  were  objectionable  in  some 
respect  if  we  had  some  ready  means 
of  deciding  when  fatigue  had  begun  to 
occur.  There  have  been  efforts  to 
examine  this  matter  by  tests  of  visual 
acuitj^  and  range  of  accommodation  at 
intervals,  by  setting  sums,  mental 
arithmetic,  &c.  But  as  a  rule  such 
tests  do  not  yield  sufficiently  definite 
results.  It  is  always  possible  by  a 
special  effort  to  counteract  the  effect  of 
fatigue. 

Dr.  Harman,  however,  claims  to  have 
found  a  specially  sensitive  and  service- 
able test  based  on  the  principle  of 
binocular  vision.  The  capacity  for 
binocular  vision  varies  very  greatly  in 
different  individuals.  In  some  cases  it 
only  just  exists,  so  that  under  unusual 
conditions  of  work  or  strain  a  temporary 
squint  appears.  Something  of  this 
sort  may  happen  when  a  child  complains 
that  "  the  print  goes  misty."  There- 
fore if  we  could  measure  the  capacity 
or  desire  for  binocular  vision  })y  simple 
means,  it  might  afford  us  a  satisfactory 
criterion  as  to  the  degree  of  fatigue 
experienced. 
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The  principle  consists  in  viewing  a 
card,  on  which  some  detail  is  inscribed, 
through  a  suitable  aperture,  the 
arrangement  being  shown  in  Fig.  4. 
The  dimensions  of  the  aperture  are  such 


Fig.  4. 


that  the  middle  portion  of  the  card  is 
seen  by  binocular  vision  and  the  two 
lateral  portions  by  the  right  and  left 
eye  respectively,  as  shown  diagram- 
matically  in  Fig.  5.  Experiment  shows 
that  different  people  require  different 


breadths  of  this  middle  band  to  keep 
their  eyes  on  an  even  balance,  and 
that  this  width  varies  according  to 
their  physical  alertness.  The  middle 
band,  in  fact,  constitutes  an  "  ocular 
poise,"  and  may  be  regarded  as  a 
criterion  of  fatigue.  In  making  a  test, 
therefore,  one  measures  the  extent  of 
this  band  when  the  subject  is  fresh 


Fig.  5. 


and  then  again  when  he  is  to  some 
extent  tired ;  the  variation  in  this 
figure  indicates  how  far  fatigue  has 
proceeded.  This,  at  any  rate,  seems 
to  be  the  method  of  test  prescribed  by 
Dr.  Harman,  and  it  will  be  interesting 
to  see  how  far  it  can  be  used  with 
effect  in'  practice,  in  connexion  with 
problems  of  illumination. 


The  Sensitiveness  of  DifFerer 

The  eye  seems  to  be  able  to  perceive 
only  a  narrow  range — about  an  octave 
—of  visible  radiation.  This  has  gene- 
rally been  ascribed  to  the  fact  that  the 
receiving  apparatus,  like  a  well -tuned 
instrument  in  wireless  telegraphy,  can 
only  respond  appreciably  to  a  certain 
range  of  frequency.  The  maximum 
sensitiveness  seems  to  He  about  the 
middle  of  the  visible  spectrum. 

But  there  is  another  phenomenon 
which  is  not  without  influence  in  this 
direction,  and  this  was  recently  re- 
ferred to  by  M.  Gariel  in  a  paper 
before  the  Societe  Francaise  d'Ophtal- 
mologie.  It  is  suggested  that  our  eyes 
could  perceive  a  more  extended  range 
of  vibrations  if  such  radiation  could 
reach  the  retina.  But  it  appears  that 
the  infra-red  and  ultra-violet  rays  are 
very  strongly  absorbed  by  the  optical 
system  of  the  eye  on  their  way.  Many 
observers  have  found  that  the  eye- 
lens  fluoresces  under  the  action  of 
,   ultra-violet  rays,  and  have  adduced  this 


t  Eyes  to  Ultra- Violet  Light. 

as  evidence  that  this  kind  of  radiation  is 
absorbed.  Stockhausen  has  suggested 
that  cataract  might  be  a  gradual  result 
of  prolonged  exposure  to  ultra-violet 
rays  in  this  way. 

An  interesting  experiment  in  support 
of  this  view  is  described  by  M.  Gariel. 
An  arc-light  was  placed  behind  a  special 
screen,  formed  by  depositing  a  very 
fine  film  of  silver  on  glass.  A  film  of 
this  kind  has  the  property  of  permitting 
ultra-violet  rays  to  pass,  but  completely 
absorbing  the  visible  light.  Ordinary 
people,  therefore,  were  naturally  unable 
to  see  the  arc  through  this  screen. 

But  there  were  certain  persons  whose 
eyes  had  been  subjected  to  an  operation 
for  cataract,  involving  the  removal  of 
the  crystalline  lens  of  the  eye,  and  who 
could  see  an  image  of  the  arc  quite 
distinctly.  It  may  be  noted  that  it 
Avas  not  the  incandescent  tips  of  the 
carbons,  but  the  arc -vapour  itself 
(which  is  believed  to  be  the  chief  source 
of  ultra  violet  hght  in  the  arc)  that 
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they  saw.  Apparently,  therefore,  the 
inabihty  of  people  with  normal  eyes 
to  perceive  ultra-violet  hght  may  be 
partially  due  to  the  fact  that  their 
eyelens  absorbs  it. 

Another  interesting  experiment  has 
since  been  made  in  support  of  this 
hypothesis.  Observers  have  noted  that 
a  distinct  change  in  colouration  of  the 
eyelens  often  takes  place  during  life, 
rendering  the  eye  of  an  adult  less 
susceptible  to  the  effects  of  ultra-violet 
light  than  that  of  a  child.  It  has  been 
suggested  that  this  gradual  colouration 
is  in  the  nature  of  a  protection.  One 
might  therefore  have  expected  that 
young  children  would  have  seen  the 


of  which  are  shown  in  the  accompanying 
figure,  is  also  striking.  In  the  upper 
diagram  some  photographs  of  spectra 
of  the  light  after  it  has  passed  through 
the  cornea  of  the  eye  only  are  repro- 
duced. The  spectra  below,  taken  with 
exactly  similar  exposures,  represent  the 
hght  which  is  transmitted  after  passing 
through  the  crystalline  lens  of  a  lady 
sixty  years  old. 

The  marked  extinction  of  the  ultra- 
violet portion  of  the  spectrum  in  this 
latter  case  is  very  striking. 

These  demonstrations  of  the  absorp- 
tion of  ultra-violet  by  the  eye-lens  are 
of  considerable  interest  in  view  of  the 
suggestion  that  these  rays  are  respon- 
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arc  under  the  conditions  named  above 
when  an  adult  would  fail  to  do  so,  and 
Dr.  Gayet  is  said  to  have  found  this 
to  be  the  case. 

An  experiment  of  Dr.  Stockhausen 
and  Schanz  on  this  point,  the  results 


sible  for  cataract,  and  specially  so  in 
an  account  of  the  suggestions  that  have 
been  brought  forward  to  the  effect  that 
the  ultra-violet  light  present  in  some 
artificial  illuminants  may  be  pre- 
judicial to  eyesight. 
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The  Emissivities  of  Incandescent  Lamps  Considered  from  the 
Standpoint  of  their  Reflectivities. 

By  W.  W.  Coblentz. 

In  previous  communications  in  this  In  a  previous  article*  the  writer  expressed 
journal  the  writer  has  called  attention  the  regret  that  up  to  that  time  (after 
to  the  fact  that  all  the  pure  metals  searching  for  almost  two  years)  he  had 
thus  far  examined,  covering  the  whole  been  unable  to  procure  mirrors  of  these 
range  of  the  Mendel jeff  series,  have  metals  with  which  to  test  the  aforesaid 
the  common  property  of  a  low  reflecting  conclusions.  Immediately  thereafter 
power  in  the  ultra-violet  and  in  the  the  opportunity  was  granted  to  examine 
visible  spectrum,  which  rises  abruptly  these  new  metals,  and  the  data  is  in- 
to very  high  values  beyond  1*5  to  2/x  eluded  herewith  for  comparison  with 
in  the  infra  red,  and  that  it  is  therefore  the  previous  work, 
not  unreasonable  to  assume  the  un-  Through  the  kind  interest  taken  in 
examined  metals  such  as  tungsten  and  preparing  the  material  by  the  General 
osmium  to  have  this  same  property.  Electric  Co.,  and  by^Siemens  &  Halske, 
In  the  regions  of  the  visible  spectrum 
where  the  reflectivity  is  low  the 
emissivity  must  be  high,  and  in  the  infra  90 
red  the  emissivity  must  be  low  because  ^ 
the  reflectivity  is  high.  Or  to  express  it  ^ 
more  crudely,  those  frequencies  which  |'o 
can  enter  the  metal  the  most  easily  ago 
can  get  out  of  it  just  as  easily,  while  the  ^ 
slow  frequencies  encounter  opposition  1" 
in  their  entrance  and  in  their  exit.  1 40 

It  is  diflicult  to  show  experimentally 

this  selective  emission  in  other  than  ^ 

coloured  metals  {e.g.,  gold  and  copper)  ^    ^    ,  — 5    e    7    ^    »  10 — 

by  means  of  emission  spectra,  and  since  wavo-ienRths  m 

the    emissivity  in   the   short  wave-  Fig.  l. 
lengths  appears  to  have  only  a  small 

temperature  coefficient,  it  is  possible  an  opportunity  was  presented  to  ex- 

to  gain  some  knowledge  of  the  emis-  amine  large  samples  of  these  metals 

sivity  of  the  metal  at  high  temperatures  in  a  high  state  of  purity.    The  reflecting 

by  determining  its  reflectivity  at  low  surfaces  were  usually  5x17  mm.  A 

temperatures.    This  wiU  give  a  positive  regulus  of  pure  tantalum  was  also  sent 

qualitative  proof  of  the  much-discussed  me  by  Dr.  Von  Wartenberg,  who  had 

and  much-overworked  appHcation  of  determined  its  optical  constants  in  the 

"  selectivity "    to    explain    the    high  visible  spectrum.    The  unkno\^Ti  metal 

luminous  efficiency  of  metal  filament  was    compared  spectrobolometrically 

lamps.  with  a  plane  silver  mirror  of  known 

While  it  is  very  quieting  to  the  mind  reflectivity,  and  from  this  the  absolute 

to  assume  that  tungsten  and  other  reflectivity  was  obtained, 

metal   filaments    must   have   optical  As  will  be  noticed  in  the  appended 

properties   similar   to    those    of   the  illustrations,  the  previous  assumptions 

metals  already  investigated,  it  does  not  of  a  low  reflectivity  (and  hence  high 

leave  the  assurance  which  comes  from  —  

subjecting  the  question  to  experiment.  *  Ilhm.  Eng.,  vol.  iii.,  p.  87, 1910. 
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einissivity)  in  the  visible  spectrum  has 
been  verified  to  a  degree  far  beyond 
expectation.  For  example,  the  emis- 
sivity  of  tungsten  is  almost  50  p.c.  in  the 
visible  spectrum,  while  in  the  infra 
red  it  is  only  from  5  to  10  p.c.  that  of  the 
ideal  radiator  or  "  black  body." 

In  Fig.  1  it  will  be  noticed  that  the 
reflectivity  of  tungsten  rises  abruptly 
from  a  low  value  of  50  p.c.  in  the  yellow 
to  89  p.c.  at  2*5  /x,  beyond  which  point 
it  increases  gradually  to  96  p.c.  at  10ft. 
This  is  a  characteristic  of  pure  metals. 

Hagen  and  Rubens*  have  shown  that 
for  long  waves  (greater  than  12  /x)  the 
absorption  (100  —  reflectivity)  of  a  metal 
may  be  computed  from  its  electrical 
conductivity  by  means  of  the  formula 
36*5 

100 — ^R=^^^  where  R  is  the  observed 

reflecting  power,  C  is  the  reciprocal 
of  the  resistance  in  ohms  of  a  conductor 
1  meter  long  and  1  sq.  mm.  in  cross 
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section,  and  A = wave  length  in  /x='001 
mm.  From  the  specific  resistance 
(•0000063  at  21'5°  C.)  of  this  sample 
of  tungsten  the  computed  reflectivity 
at  12/x  is  97*3  p.c,  while  the  value 
obtained  by  extrapolation  is  96' 3  p.c. 
This  is  in  closer  agreement  than  is  to 
be  expected  from  the  difliculty  in 
making  observations  in  the  extreme 
infra  red,  and  from  the  small  size  of  the 
mirror.  The  reflectivity  is  practically 
the  same  as  platinum  (except  m  the 
visible  spectrum),  from  which  it  follows 
that  in  a  previous  investigation  of  the 
radiation  constants  of  metals  it  was 
permissible  to  assume  that  the  same 

*  Ha^,'en  &  Rubens,  Ann.  der  Phm.  (4)  11, 
I)-  873,  l'.KJ3. 


emissivity  law  obtams  in  tungsten  and 
platinum. 

In  Fig.  2,  curve  a,  is  given  the 
spectral  energy  curve  of  a  new  110  volt 
32  c.-p.  tungsten  lamp  when  on  normal 
operation  of  55  watts.  The  maximum 
emission  occurs  at  A^^j^^  =l-225/x.  Using 
the  A^nax  T=2620  of  platinum  and  the 
'^max.  =l*225/x  of  tungsten,  the  operating 
temperature  is  1,870°  C.  From  the 
observed  radiation  curve  a,  Fig.  2,  we 
can  obtain  the  equivalent  black  body 
curve  h  at  the  same  temperature  by 
dividing  the  observed  emissivities  by 
the  absorptivities  (100  — reflectivity)  of 
tungsten  given  in  Fig.  1.  The  maxi- 
mum emission  lies  at  about  1.55  /x  from 
which  the  computed  temperature  (using 
A  T  =  2940)  is  about  1,760°  C.  It 
therefore  appears  that  the  "  normal  " 
temperature  of  the  tungsten  lamp  is  of 
the  order  of  1,800  to  1,850^'  C. 

The  reflectivity  of  molybdenum, 
Fig.  1,  is  slightly  lower  than  tungsten, 
being  46  p.c.  in  the  yellow  and  rising 
abruptly  to  85  p.c.  at  2'5/x,  beyond 
which  the  reflectivity  gradually  in- 
creases to  95  p.c.  at  10/>t.  The  re- 
flectivity curves  of  molybdenum  and 
tungsten  are  so  nearly  alike  that  from  a 
consideration  of  their  emissivities  (100 
— ^reflectivity)  there  seems  to  be  no  great 
choice  in  the  use  of  these  two  metals 
in  incandescent  lamps.  On  the  other 
hand,  from  a  consideration  of  their 
physical  properties  the  molybdenum 
filament  would  be  the  preferable  because 
of  its  toughness  and  its  ductility  in 
contrast  with  tungsten,  which  is  very 
brittle.  Their  melting  points  are  high, 
and  it  is  principally  a  question  of  over- 
coming certain  physical  weaknesses  in 
the  molybdenum  filament  in  order  to 
make  it  practical. 

The  equality  in  the  reflectivity  curves 
show  that  at  the  same  temperatures  their 
emissivities,  and  hence  their  efficiencies, 
must  be  practically  the  same.  It 
therefore  remains  to  be  seen  whether 
the  molybdenum  will  admit  of  an  opera- 
ting temperature  as  high  as  that  which 
obtains  in  the  tungsten  filament. 

The  reflectivity  curve  of  a  highly 
pohshed  sample  of  Siberian  grai)hite  is 
shown  in  Fig.  3.  The  reflecting  power 
rises  gradually  from  23  p.c.  in  the 
visible  spectrum  to  60  p.c.  at  10/x. 


EMISSIYITIES  OF  INCANDESCENT  LAMPS. 


563 


From  this  low  reflectivity  at  1  to  2/x 
there  resuhs  a  high  emissivity,  hence 
the  graphitized  carbon  filament  cannot 
have  the  same  luminous  efficiency  as 
the  tungsten  lamp  at  the  same  tempera- 
ture, although  it  has  the  higher  emis- 
sivity in  the  visible  spectrum. 

The  reflectivity  curve,  Fig.  3,  of  a 
sample  of  supposedly  pure  tantalum  is 
lower  even  than  graphite  in  the  visible 
spectrum.  There  is  no  indication  of  an 
approach  to  a  high  and  constant  re- 
flectivity in  the  infra  red,  such  as  obtains 
in  pure  metals  (see  Fig.  1).  The  re- 
flection spectrum  of  this  sample  of 
tantalum,  which  was  supposed  to  be 
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pure,  has  the  characteristic  of  an 
impure  metal  or  an  alloy.  Under  the 
microscope  the  sample  appeared  flaw- 
less, so  that  the  low  reflectivity  cannot 
be  explained  on  the  hypothesis  of 
roughness  and  scattering  of  the  light. 
This  low  reflectivity  in  the  visible 
spectrum  produces  a  high  emissivity, 
but  contrary  to  the  properties  of  pure 
metals,  e.g.  platinum  and  tungsten,  the 
reflectivity  continues  low  (emissivity 
high)  in  the  infra  red,  which  lowers  the 
luminous  efficiency.  The  normal  tem- 
perature of  a  tantalum  lamp  is  not  much 
below  that  of  tungsten,  and  hence  its 
low  efficiency  as  compared  with  tungsten 
is  to  be  sought  for  in  its  low  reflectivity 
(high  emissivity)  in  the  infra  red.  On 
the  efficiency  basis  the  tantalum  fila- 
ment must  be  classified  with  graphite 
(a  non-metal),  which  is  an  anomalous 
classification.  However,  the  reflec- 
tivity curves  and  the  previously  ob- 
served radiation  constants  (total  radia- 
tion ;  tantalum  proportional  to  the 
5*3    power    and    graphitized  carbon 


proportional  to  the  5*1  power  of  the 
temperature)  show  that  this  classifica- 
tion is  consistent. 

The  optical  behaviour  of  the  sample 
of  tantalum  examined,  and  its  close 
resemblance  to  the  lamp  filaments 
and  to  some  thin  strips  of  this  metal 
which  the  writer  has  examined,  makes 
it  of  interest  to  learn  whether  the  wire 
in  the  incandescent  lamp  is  a  pure 
metal  free  from  carbide.  Tantalum 
filaments  are  very  black  and  non- 
metallic  as  compared  with  tungsten 
and  osmium.  In  fact,  an  ordinary 
tantalum  filament  appears  darker  than 
the  mirror  examined.  That  this  sample 
was  no  doubt  impure  will  be  noticed 
in  Figs.  I  and  3,  which  give  the  re- 
flecting power  of  a  regulus  of  pure 
tantalum  kindly  sent  me  by  Dr.  Von 
Wartenberg.* 

The  mirror  surface  was  highly  polished 
but  it  was  small  (3x5  mm.),  which  did 
not  admit  high  accuracy  in  determining 
the  absolute  value  of  the  reflectivities. 
However,  the  relative  values  for  dif- 
ferent spectral  regions  were  easily 
determined  ;  and  this  is  the  question 
of  real  interest.  The  reflectivity  of  this 
sample  of  tantalum  is  even  more  re- 
markable than  tungsten,  rising  abruptly 
from  a  low  value  of  45  p.c.  in  the 
yellow  to  90  p.c.  at  2/x  (Wo=85  p.c), 
beyond  which  point  a  fairly  constant 
value  is  approached.  In  this  respect 
it  compares  with  silver  and  zinc,  the 
reflectivities  of  which  rise  even  more 
abruptly  from  the  visible  to  the  infra 
red.  This  shows  that  pure  tantalum 
is  more  selective  than  tungsten  in  the 
visible  spectrum,  and  that  a  lamp  fila- 
ment of  the  pure  metal  will  be  at  least 
as  efficient,  if  not  more  efficient,  than 
tungsten  at  the  same  temperature .  The 
metallic  lustre  of  such  a  filament  will 
appear  almost  as  bright  as  tungsten. 
The  present  filaments  are  very  much 
darker  than  tungsten.  The  problem 
is  to  keep  the  filament  brighter  ;  but 
by  this  is  not  meant  merely  a  high 
polish.  So  long  as  the  porosity  is  not 
of  the  order  of  a  wave-length  of  light, 
the  question  of  "  blackening "  the 
radiation  by  successive  reflection  ^^ithin 


*  Wartenherg.  Verh.  Phys.  GeselL,  12,  p.  105, 
1910. 
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the  cavities  is  unimportant.  But  it  may 
be  observed  that  the  avoidance  of  any 
contamination  of  the  surface  which 
changes  the  optical  constants  (refractive 
index  and  absorption  coefficient)  from 
that  of  the  pure  metal  is  of  the  greatest 
importance,  as  illustrated  in  these  two 
samples  of  tantalum. 

It  is  of  interest  to  summarize  briefly 
the  facts  gained  from  a  consideration 
of  the  various  forms  of  radiators  de- 
scribed in  previous  papers.  In  the 
high  potential  spark  discharge  we  have 
noticed  that  the  maximum  of  the 
emitted  energy  hes  in  the  ultra-violet, 
and  hence  is  useless  as  an  illuminant. 
On  the  other  hand,  solid  radiators 
emit  a  preponderating  amount  of 
infra  red  radiation,  and  are  therefore 
equally  inefficient  as  an  illuminant. 
The  metallic  vapours  in  the  carbon 
have  but  little  energy  outside  of  the 
visible  spectrum,  and  hence  are  the 
most  efficient  illuminants  now  avail- 
able. 

The  metal  filament  incandescent  lamp 
will  be  used  in  spite  of  its  secondary 
position  in  the  scale  of  luminous  effi- 
ciency, and  hence  it  is  of  interest  to 
notice  the  characteristics  of  the  various 
metals  used  in  these  lamps.  The  ideal 
solid  illuminant  must  withstand  a  high 
operating  temperature,  and  must  emit 
selectively  an  enormous  amount  of 
energy  in  the  visible  spectrum,  with  but 


Uttle  infra  red  radiation.  How  tho- 
roughly handicapped  we  are  in  the 
selection  of  such  an  illuminant  is  at 
once  evident.  From  Figs.  1  and  2  it 
will  be  noticed  that  pure  tantalum 
would  fulfil  the  aforesaid  conditions  ; 
but  our  present  filaments  of  tantalum 
are  a  dark  coloured  crystalline  mass 
scarcely  more  efficient  than  graphitized 
carbon.  The  lustre  of  a  pure  metal 
filament  of  tantalum  would  be  as  bright 
as  that  of  tungsten,  which  is  not  true  of 
the  present  material.  The  problem 
is  to  draw  the  wire  without  contaminat- 
ing it  with  a  lubricant.  Oil  seems  to 
adhere  to  tantalum  with  great  tenacity. 
From  Fig.  1  it  will  be  noticed  that  after 
tantalum  the  next  in  order  of  efficiency 
is  tungsten.  This  metal  withstands 
the  requisite  high  operating  tempera- 
ture, and  it  does  not  vaporize  readily  ; 
but  it  is  brittle. 

Since  the  reflectivity  of  molybdenum 
is  practically  the  same  as  that  of 
tungsten,  its  luminous  efficiency  must 
be  of  the  same  order  as  tungsten  when 
operated  at  the  same  temperature.  It 
is  tough  and  ductile,  hence  commends 
itself  as  a  substitute  for  tungsten  ;  but 
evaporation  and  other  defects  seem  to 
debar  this  metal  from  usage,  at  least 
for  the  present.  We  thus  find  that 
where  we  gain  one  advantage  we  lose 
another.  One  may  well  ask,  "  What 
shall  be  tried  next  ?  " 


Bizarre  Types  of  Gas  Fixtures  and  Illuminated  Hands. 


A  CONTRIBUTOR  to  The  American  Gas 
Light  Journal  refers  to  the  demand 
for  unusual  and  striking  devices  in 
connexion  with  gas  fixtures.  The  liking 
for  pecuhar  and  ingenious  devices  of 
this  kind  is  of  ancient  origin.  For 
instance,  the  old  kings  of  ancient 
peoples  modelled  reptiles,  beasts,  and 
birds  out  of  stone,  and  arranged  for 
inflammable  vapours  to  be  emitted  from 
their  jaws  so  that  they  appeared  to  be 
breathing  forth  flame. 

An  illustration  of  a  kindred  device 
is  afforded  by  the  modern  use  of  hands 


cast  in  glass  or  metal,  and  provided 
with  ducts  through  which  the  gas  can 
pass.  In  this  way  the  appearance  of 
an  illuminated  hand  holding  a  torch 
from  which  a  gas  flame  issues  can 
readily  be  produced.  Sometimes  a 
variation  is  introduced  by  arranging 
for  the  hand  to  hold  a  miniature  flower, 
or  even  for  the  tips  of  the  fingers  to 
shoot  forth  small  flames.  Devices  of 
this  kind  are  said  to  have  been  found 
specially  convenient  for  direction  signs 
and  notices. 
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The  Standardization  of  Gas  Supply. 

By  an  Engineering  Correspondent. 


Any  rational  proposals,  introduced  with 
a  view  to  effecting  the  standardiza- 
tion of  one  or  other  system  of  hghting, 
deserves  the  sympathetic  attention  of 
all  who  are  interested  in  the  manifold 
problems  of  illuminating  engineering, 
inasmuch  as  the  success  of  such  pro- 
posals may  unquestionably  be  regarded 
as  a  step  towards  uniformity  in  the 
wider  field  of  illumination  where  rival 
systems  are  concerned. 

It  is  for  this  reason,  quite  apart  from 
the  admitted  merits  of  their  proposals, 
that  the  three  Standard  Burner  Bills 
promoted  by  certain  gas  companies, 
which  have  just  successfully  emerged 
from  the  careful  and  patient  considera- 
tion of  two  Parliamentary  Committees, 
and  which  are  now  assured  a  safe  and 
uninterrupted  passage  to  the  Statute 
book,  assume  a  general  interest  and 
importance.  Promoted  by  eight  com- 
panies, the  three  Bills,  which  were 
practically  ahke  in  their  object,  dealt 
with  the  standard  burner  used  in  testing 
the  illuminating  power  of  the  gas  sup- 
plied by  the  companies  concerned,  and 
may  be  said  to  be  an  inevitable  develop- 
ment in  the  transition  from  the  use 
of  the  flat  flame  burner  to  the  incan- 
descent mantle.  The  duty  of  prescrib- 
ing what  burner  should  be  used  for 
testing  the  illuminating  power  of  gas 
was  imposed,  by  the  London  Gas  Act 
of  1868,  upon  the  Metropolitan  Gas 
Referees — a  body  established  under  that 
Act — and  it  was  enacted  that  the  burner 
"  shall  be  such  as  shall  be  most  suitable 
for  obtaining  from  the  gas  the  greatest 
amount  of  light  and  be  practicable  for 
use  by  the  consumer."  At  that  time, 
the  Metropolitan  Companies  were 
supplying  16  c.-p.  gas,  and  the  burner 
prescribed  was  the  No.  I  London 
Argand,  the  invention  of  Mr.  William 
Sugg.  During  the  forty  years  which 
have  elapsed  since  then,  considerable 
improvements  have  been  made  in  the 
manufacture  of  gas,  and  the  defects 


of  the  standard  burner  became  in- 
creasingly manifest  in  the  course  of 
time.  It  was  not  generally  known,  or 
sufficiently  understood  at  the  time  of 
the  adoption  of  the  burner,  that  a 
burner  that  is  most  suitable  for  testing 
16  candle-power  gas  is  not  suitable  for 
testing  a  higher  quality  of  gas,  and  that, 
consequently,  instead  of  bringing  out 
the  full  amount  of  light  as  Parliament 
had  intended,  the  standard  burner, 
in  the  process  of  testing,  destroyed  or 
neutralized  a  certain  amount  of  light. 
It  was  publicly  stated  many  years  ago 
by  Prof.  Harcourt,  as  an  objection  to  the 
No.  1  Argand  burner,  that  it  ex- 
aggerated the  deficiencies  in  the  gas — 
for  instance,  to  get  a  gas  which  showed 
14  candles  with  the  No.  1  burner  it 
was  necessary  to  manufacture  not  14, 
but  15  or  15 J  candles — and  further 
attention  was  directed  to  the  obvious 
injustice  of  this  by  Mr.  Charles  Hunt  as 
far  back  as  1870. 

It  is  important  to  bear  in  mind  the 
fact  that  the  No.  I  burner  was  con- 
structed for  the  particular  quality  of 
gas  made  at  the  time  of  its  invention. 
In  those  days  gas  was  distilled  from 
coal  at  a  comparatively  low  tempera- 
ture, and  a  very  low  yield  of  gas  was  the 
result.  The  flame  from  the  burner 
rose  almost  to  the  top  of  the  chimney, 
and  very  nearly  filled  the  chimney  itself. 
As  gas  distillation  was  conducted  on  a 
more  scientific  basis,  it  was  seen  that 
the  yield  of  gas  considered  satisfactory 
in  those  days  was  very  uneconomical — 
a  higher  temperature  was  obtained,  and 
a  greater  volume  of  gas  distilled  from 
the  coal.  The  gas  distilled  with  the 
higher  temperature  had  not  a  higher 
proportion  of  hydrogen,  and  the  flame 
from  it  was  very  low  indeed.  In  one 
case,  the  flame  almost  filled  the  chim- 
ney ;  if  a  flame  which  was  shorter  was 
used,  a  much  larger  volume  of  air  would 
rush  upwards,  ^dth  the  consequence 
that  the  gas   became  overburdened. 
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One  of  the  defects  of  the  burner  was 
that  too  much  air  was  admitted  and 
luminosity  was  destroyed  ;  therefore, 
as  has  already  been  suggested,  instead 
of  indicating  the  true  luminosity  of  the 
gas,  the  burner  destroyed  it. 

By  the  year  1891  the  defects  of  the 
burner  had  become  so  glaring  that 
the  South  Metropolitan  Gas  Company 
offered  to  bear  the  entire  cost  of  an 
independent  committee  to  undertake 
an  investigation  if  the  Board  of  Trade 
would  appoint  one.  The  interest  in 
the  question  increased  throughout  the 
country,  and  in  1893  a  deputation  on 
the  subject  waited  upon  the  Com- 
mittee from  the  Institution  of  Gas 
Engineers.  Prof.  Harcourt,  the  Senior 
Metropolitan  Gas  Referee,  was  fully 
aware  of  the  defects  of  the  burner,  and 
he  publicly  stated  that  by  its  use  "  any 
deficiencies  in  the  gas  were  greatly 
exaggerated."  The  Referees  endea- 
voured to  get  over  its  defects  by  using 
the  burner  regardless  of  the  quantity 
of  gas  being  consumed  in  it,  and  this 
method  received  Parliamentary  sanction 
in  1900.  The  Act  said  the  gas  was  to  be 
burnt  in  the  burner  at  the  rate  of  5  cubic 
feet  per  hour,  and  the  Referees  pro- 
posed to  get  over  this  difficulty  by 
saying  "  you  shall  burn  it  at  such  a 
rate  as  will  give  a  light  of  16  candles." 
The  16 -candle  flame  was  much  more 
nearly  the  size  of  the  flame  than  was 
produced  from  the  gas  made  by  the 
burner  invented,  and  the  amount  of  air 
passing  through  between  the  flame 
and  the  chimney  was  more  nearly  in 
accord  with  the  burner.  The  Referees 
then  said  :  "  Do  not  burn  your  gas  at 
5  feet  an  hour,  but  at  whatever  rate  is 
required  to  make  a  16-candle  flame,  and 
when  you  have  done  that,  by  rule-of- 
three  sum,  supposing  the  rate  were  4  ft. 
for  16  candles,  5  ft.  would  give  20." 
This  was  legaHzed  in  1900.  Five 
years  later  the  matter  was  reopened, 
when  the  question  arose  as  to  what  was 
the  use  of  having  a  method  of  testing 
a  gas  the  object  of  wliich  was  to  tell 
the  consumer  what  he  was  getting, 
when  he  had  not  the  l^ast  idea  of  what 
was  going  tlirough  the  burner.  It  was 
then  said  that  the  only  jnoper  way  of 
testing  the  gas,  in  order  to  tell  the  con- 


sumer what  he  was  really  getting,  was 
to  pass  it  through  at  the  5  ft.  rate. 
The  matter  was  thrashed  out  at  great 
length  before  a  Committee  of  the  House 
of  Lords,  which  decided  that  the  5  ft. 
rate  should  be  reinstated.  But,  the 
Committee  added,  "  in  making  your 
test,  you  shall  have  a  burner  which  is 
so  arranged  that  the  air  supply  can  be 
regulated.  As  a  result  of  this  recom- 
mendation, Mr.  Charles  Carpenter,  the 
Chairman  of  the  South  Metropohtan 
Gas  Co.,  invented  the  No.  2  "  Metro- 
pohtan "  Argand,  which  was  provided 
with  a  chimney  just  in  the  same  way 
as  the  No.  1.  The  difference  between 
the  burners  is  that  underneath  the  No.  2 
there  is  a  shutter,  which  is  moved  up  and 
down  in  the  same  way  that  the  wick 
of  a  lamp  is  turned  up  and  down. 
Having  adjusted  the  5  ft.  rate,,  the 
shutter  is  turned  up  or  down  to  admit 
sufficient  air  into  the  orifice  below  the 
burner  to  burn  the  gas  with  a  proper 
light  inside  the  chimney. 

The  case  in  favour  of  the  Bifls  as 
presented  before  the  Committee  was 
based  substantially  upon  the  foregoing 
facts,  and  the  evidence  addressed  by 
various  witnesses  went  to  show  that 
the  use  of  the  No.  2  burner  would  give 
to  the  consumer  a  more  constant  quality 
of  gas,  and  would  enable  him  to  obtain 
better  efficiency  from  the  incandescent 
burners  commonly  in  use.  The  alter- 
native proposed  by  the  opponents  of  the 
Bill  was  the  retention  of  the  present 
test  burners,  on  the  ground  that  any 
change  would  inflict  some  financial  dis- 
advantage upon  the  consumers  of  gas. 
In  the  event  of  the  change  of  burner 
being  granted,  the  opponents  suggested 
the  raising  of  the  nominal  candle-power, 
or  the  bestowal  upon  the  consumers  of 
some  definite  monetary  consideration 
as  compensation  for  the  hypothetical 
losses  they  would  sustain.  The  Com- 
mittee, which  consisted  of  Sir  Henry 
Kimber  (Chairman),  Mr.  A.  G.  C. 
Harvey,  Mr.  Baldwin,  and  Mr.  F.  W.  S. 
McLaren  unanimously  decided  in  favour 
of  ah  tlft'ce  Bills.  This  decision  was 
arrived  at  after  a  patient  and  impartial 
hearing  of  all  sides,  and  a  critical 
examination  of  all  contentions.  The 
plea  for  compensation  put  forward  by 
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the  opponents  of  the  Bills  was  effec- 
tively disposed  of  by  Sir  Henry  Kimber, 
who  said  :  "  The  burners  hitherto  in  use 
have  been  defective.  The  burner  pro- 
posed to  be  established  as  the  standard 
burner  is,  if  not  perfect,  yet  as  perfect 
as  is  at  present  known  for  achieving  the 
object  of  Parliament  in  giving  what 
Parliament  certainly  intended  to  give — 
that  is,  a  light  equal  to  the  light  of  so 
many  candles."  Sir  Henry  added  that 
the  Committee  were  unable  "  to  recog- 
nise that  the  fact  of  the  burner  which 
was  supposed  to  be  perfect,  and  has  been 
found  to  be  imperfect — having  perhaps 
done  a  wrong  to  somebody  in  practice 
— gives  any  right  to  compensation 
further  than  the  legislation  applicable 


to  gas  companies  will  automatically 
give." 

The  No.  2  burner  is  a  great  improve- 
ment upon  its  predecessor,  as  it  will 
bring  about  uniformity  in  the  method  of 
testing  gas.  This  is  of  the  greatest 
possible  importance  to  the  industry,  to 
the  consumer,  and  to  the  manufacturer 
of  gas  plant ;  for  the  adoption  of  this 
burner  of  a  certain  definite  consumption 
will  convey  to  the  simplest  mind  a  clear 
understanding  as  to  what  the  value  of 
the  gas  is,  and  it  will  give  to  manu- 
facturers of  gas  plant  the  power  to 
standardize  their  apparatus,  with 
resultant  economies  in  the  cost  of  pro- 
duction. 

A.  C. 


Central  Suspension  of  Gas 

We  note  that  an  interesting  experi- 
ment is  shortly  to  be  carried  out  in 
Cannon  Street,  with  a  view  to  adopting 
high-pressure  inverted  gas  lamps,  with 
central  suspension.  The  suspension 
gear  will  include  lowering  tackle,  so 
that  the  lamp  can  be  brought  to  the 
side  of  the  street  and  then  lowered, 
for  cleaning  and  trimming  to  be  carried 
out  at  pavement  level.  The  winches 
for  working  the  gear  will  be  fixed  at 


Lamps  in  Cannon  Street. 

convenient  points  on  the  side  walls. 
It  will  be  interesting  to  see  how  the 
cost  of  maintenance  will  work  out, 
and  what  will  be  found  the  best  arrange- 
ment of  the  flexible  tubing.  Readers 
of  this  journal  will  recall  that  a  similar 
method  of  suspension  has  been  already 
experimented  with  at  Stuttgart  in 
Germany,  and  was  recently  described 
in  these  columns.* 

*  Ilium.  Eng.,  Lond.,  vol.  ii.,  1909,  p.  639. 


Tests  of  a  Gas  Lamp  in  Aldwych. 

In  a  letter  to  The  Journal  of  Gas  pentane  lamp  will  be  necessary  for 

Lighting  for  August  9th,    Mr.  J.  F.  any   street   lamp   tests   made  under 

Simmance  gives  the  following  results  stipulations  for  actual  candle-power, 

for  one  of  the  Aldwych  gas  lamps  : —  In  ordinary  gas  testing,  the  relative 

Power  of  lamp,  50°  angle                  3712  candles  conditions  of  the  lamp  and  the  test- 

"     ''    "          "      ••      •••  "^^^^  burner  render  the   correction  super- 
He  also  gives  details  of  the  calibra-  fluous  ;  but  in  direct  competition  with 
tion  of  the  standard  used  which  Avas  electricity  for  street  lighting,  gas  hglit- 
checked  by  the  Pentane  lamp.  ing  must  always  be  handicapped  by  its 
He  continues  :   "I  would  point  out  susceptibility   to    atmospheric  condi- 
that,  in  future,  the  correction  of  the  tions." 
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Notes  on  Some  Early  Gas  Companies. 


We  have  received  from  a  contributor 
some  interesting  documents  relating 
to  the  founding  of  two  of  the  early 
gas  companies  in  this  country,  The 
Independent  Gas  Light  and  Coke  Co., 
and  The  International  Gas  Co.,  both 
of  which  came  into  existence  in  the 
early  part  of  the  last  century. 

The  latter  company  enjoyed  the 
assistance  of  the  celebrated  French 
chemist  Clement  Desormes.  Its  aims 
seem  to  have  consisted  in  the  control 
and  support  of  local  undertakings  in 
a  number  of  different  countries.  It 
was,  in  fact,  an  early  example  of  the 
internationalization  of  illumination,  and 
was  described  as  "  calculated  to  insure 
the  cordial  co-operation  of  Foreign 
and  British  Capital,  talent,  and  re- 
sources." In  passing  it  is  interesting 
to  note  that  the  word  "  illumination  " 
is  used  in  the  prospectus  of  this  com- 
pany in  very  much  the  same  sense  as  it 
is  being  used  to-day.  Thus,  in  refer- 
ring to  the  work  of  the  various  local 
undertakings  the  prospectus  remarks 
they  "  have  been  instrumental  in 
adding  to,  if  not  creating,  a  taste  for 
Gas  Illumination."  Yet  only  a  few 
years  ago  the  word  rather  conveyed  the 
impression  of  lighting  of  a  festive  or 
decorative  character,  and  it  has  been 
put  on  record  that  one  encyclopaedia 
contains  the  reference  "  Illumination — 
See  Fireworks  "  !  It  is  only  quite 
recently  that  the  term  has  come 
into  general  use  to  describe  the  use 
of  light  to  the  best  advantage. 

The  prospectus  of  the  Independent 
Gas  Light  and  Coke  Co.,  issued  in  1824, 


lays  great  stress  on  the  desire  of  the 
company  to  fall  in  with  the  wants  of  the 
pubhc.  Attention  is  drawn  to  the 
fact  that  the  several  Acts  granted  to 
the  existing  companies  took  care  to 
provide  that  the  prices  should  always 
be  lower  than  that  of  oil.  It  is  added 
that  "  Every  suitable  attention  will 
be  observed  towards  the  Public  in  the 

supply  of  Gas  Lights  "  and  that 

"  Those  who  consume  the  gas  of  the 
Company  will  not  be  subject  to  any 
intrusion  into  their  Premises." 

The  conditions  issued  for  the  observ- 
ance of  those  taking  gas  from  the 
company,  which  are  reproduced  in 
facsimile  on  the  opposite  page,  are  also 
interesting.  It  will  be  noted  that  at 
this  time  supply  through  a  meter  had 
not  become  the  invariable  rule.  In- 
stead of  this,  consumers,  if  they  so 
desired,  could  use  specified  burners  and 
burn  their  gas  at  certain  stated  times  ; 
probably,  however,  in  most  cases  they 
soon  preferred  to  be  charged  by  the 
meter,  as  this  enabled  them  to  use  any 
variety  of  burner  and  to  use  the  gas 
any  time  they  desired.  It  is  particu- 
larly interesting  to  observe  the  com- 
pany introducing  to  the  notice  of  con- 
sumers a  smaller  burner  "  whereby  the 
Consumers  will  be  able  to  arrange  their 
Lights  with  more  advantage  and  eco- 
nomy than  they  can  at  present  do." 
This  certainly  bears  a  close  resemblance 
to  illuminating  engineering,  and  is 
in  the  spirit  of  the  most  progressive 
modern  companies  in  desiring  to  help 
the  consumer  to  make  the  best  use  of 
the  gas  supplied. 


Natural  v.  Artificial  Illumination. 

A  Denver  paper  records  the  fact  that  sky.    So  brilliant  arc  the  lamps,  it 

during  the  recent  passage  of  Halley's  is  contended,  that  had  not  their  rivalry 

comet  the  city  lights  were  turned  off  been  withdrawn  it  would  have  been 

for  a  short  period  one  evening  to  enable  difficult  or  perhaps  impossible  to  see 

the  peoi)le  to  see  the  wanderer  in  the  the  comet. 
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The  following  is  a  facsimile  of  the  old  docume^it  dated  March  8th,  1825,  and  referred 

to  on  the  opposite  page. 

THE  INDEPENDENT 

eas  iLiflljt  an^l  €o\t  Company), 

Office,  No.  18,  TOKENHOUSE  YARD,  LOTHBURY, 
STAllON,  AT  HAGOERSTONE,  BY  THE  llEGE^iTS  CANAL. 


CONDITIONS 

TO  BE  OBSERVED  BY  PERSONS  TAKING  GAS  OF  THIS  COMPANY. 

This  Company  will  lay  on  the  Service  Pipe  and  connect  to  the  fittings  and  make  good 
the  Pavement  at  their  own  Expence. 

In  order  to  insure  that  the  interior  Fittings  may  be  perfect,  they  are  to  be  put  up  at  the 
Consumers  Expence,  by  persons  in  the  employ,  or  authorized  by  the  Company,  and  approved  by 
their  Inspector,  otherwise  Gas  cannot  be  supplied. 

To  accommodate  the  Public,  the  Directors  of  this  Company  have  come  to  a  resolution  of 
supplying-  a  smaller  Burner,  whereby  the  Consumers  will  be  able  to  arrange  their  Lights  with 
more  advantage  and  economy  than  they  can  at  present  do,  as  other  Companies  will  not  allow  the 
Consumer  the  benefit  of  such  a  Light. 

No  Burners  allowed  but  those  furnished  by  the  Company.  Where  the  party  is  supplied  with 
gas  through  a  Meter,  any  size  and  description  of  fancy  Burners  may  be  adopted. 

The  price  and  times  of  burning,  are  set  forth  in  a  Scale,  which  will  be  delivered  to  the 
Consumer  agreeing  to  take  Lights. 

Persons  whose  time  of  burning  Gas  is  uncertain,  may  be  supplied  by  a  Meter,  which  will  be 
provided  and  fixed  by  the  Company  Free  of  Expence,  in  consideration  of  a  reduced  quarterly 
charge  being  paid  by  the  Consumer,  to  be  regulated  by  the  size  of  the  Meter. 

The  rent  to  be  collected  quarterly,  and  every  in-coming  Tenant  is  requested  to  give  written 
notice  of  his  intention  to  continue  the  Light,  at  the  Office,  or  at  the  Station  of  the  Company,  that 
his  name  may  be  registered  accordingly  in  the  Company's  Books. 

The  prices  which  will  be  charged  by  this  Company  will  be  at  a  reduction  of  Ten  per  Cekt. 
below  the  charges  heretofore  made  by  other  Companies.  Where  the  party  is  supplied  by  Meter, 
the  price  will  be  at  a  reduction  of  Fifteen  per  Cent. 

This  Company  will  guarantee  to  supply  the  Gas  to  any  person  desiring  it  for  7  years  cn  the 
above  Terms. 

If  any  escape  of  Gas  should  take  place  through  any  defect  in  the  Fittings,  the  Customer  is 
requested  to  give  immediate  notice  at  the  Station,  where  prompt  attention  will  be  paid. 

All  applications  for  lighting  and  causes  of  complaint,  may  be  addressed  to  the  Secretary  at  the 
Office,  or  sent  to  the  Station  of  the  Company,  where  every  attention  will  be  given,  and  where  a 
list  of  duly  authorized  Fitters  may  be  obtained. 

CHARLES  WOODWARD, 
Ma/rch  8,  1825.  Secretary. 
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The  Illumination  of  Fruit  and  Flowers  on  Exhibition. 

By  An  Engineering  Correspondent. 

In  view  of  the  large  and  ever-increasing  by  horticultural  societies,  and  are  de- 

number  of  flower-shows  in  this  country,  voted  to  their  periodical  exhibitions, 

and   the   more   and   more   elaborate  but  local  shows  are  not  always  able 

efforts  that  are  now  coming  to  be  con-  to  command  the  same  facilities, 
sidered  necessary  in  order  to  shoAv  off       As  a  rule,  the  main  necessity  of  a 

fruit  and  flowers  to  the  best  advantage,  flower-show  is   the  production   of  a 

a  few  words  may  perhaps  be  said  on  the  diffused,   but  yet  sufficiently  bright 

subject    of   the    illumination    to    be  order  of  daylight  illumination.    In  this 

employed     in     such     circumstances,  respect  flower-shoAvs,  &c.,  are  usually 

Several  articles  in  this  journal  have  favoured  in  two  ways  ;    firstly,  such 

made  detailed  reference  to  the  lighting  shows  usually,  though,  of  course,  not 

of  picture  galleries,  and  the  conditions  invariably,  take  place  in  the  brightest 

of  lighting  in  such  cases  resemble  in  portion  of   the    year,  from  spring  to 

many  respects  those  usually  occurring  early  autumn  ;    and    secondly,  such, 

at  flower-shows.  displays  are  mainly  held  in  tents  and 

In  the  case  of  floral  displays,  just  marquees,  which  are  open  to  the  rays 

as  in  the  case  of  picture  galleries,  the  of  the  sun  in  all  directions,  and  from 

entertainment  of  those  present  is  mainly  their  semi-transparent  nature  are  often 

achieved  through  the  medium  of  the  admirably  adapted  to  the  production 

eye,  and  it  is  therefore  only  reasonable  of  a  uniform  soft  illumination  on  any 

to  urge  that  the  illumination  by  the  but  extremely  dull  days     The  writer, 

aid  of  which  the  charms  of  flowers  are  when  present  at  a  recent  show  of  the 

revealed  is  an  important  factor.    Here,  National  Rose  Society  in  Regent's  Park, 

again,  it  is  obviously  essential  that  observed  that  the  canvas  tents  acted 

spectators  and  judges  should  be  free  excellently  in  this  respect, 
to   bestow   their  entire   and   critical       On  the  other  hand,  when  some  local 

attention  on  the  blooms,  without  their  hall  is  utilized  for  the  purpose,  it  may 

eyes   being  subjected  to  the  incon-  be  exceedingly  difficult  to  secure  even 

veiiience    of   ill-placed   and   dazzling  a   reasonable   approximation   to  the 

sources    of   light.    It    may    also    be  desired  conditions,  and  the  writer  can 

pointed  out  that  correct  colour-revela-  recollect  instances  in  which  the  light  in 

tion  is   absolutely  essential  in  both  corners  most  remote  from  the  windows 

cases,  with  the  result  that  reliance  is  was  anything  but  adequate.    It  is  often 

usually   placed    mainly    on    daylight  difficult   to   obtain  uniform  dayhght 

illumination,  and,  further,  that  a  great  illumination  in  large  buildings,  even 

many  objects  of  interest  are  usually  for  the  purpose  for  which  they  are 

crowded  together  in  a  comparatively  intended  ;  and  when  such  a  building  is 

small   space  ;    hence   some   form   of  utilized  for  an  exhibition  in  which 

diffused  illumination  is  again  desirable,  minute  inspection  of  detail  is  required 

On  the  other  hand  it  must,  of  course,  and  a  good  strong  light  on  the  flowers 
be  recognized  that  while  buildings  is  very  essential,  it  is  hardly  surprising 
devoted  to  the  exhibition  of  prized  that  the  conditions  should  be  some- 
pictures  are  rightly  of  a  permanent  times  unsatisfactory, 
character,  flower-shows  can  rarely  Another  reason  for  good  illumination,  , 
extend  for  more  than  a  few  days,  and  quite  apart  from  the  necessity  of 
the  surroundings  are  usually  more  or  enabling  spectators  to  see  the  flowers 
less  temporary.  There  are  some  l)uild-  properly,  is  supplied  by  the  flowers 
ings  which  are  permanently  occupied  themselves,  which  may  not  open  pro- 
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perly,  or  at  any  rate  may  not  be  seen 
at  their  best,  if  they  only  receive  an 
indifferent  amount  of  light. 

Moreover,  in  a  competition  when 
a  very  large  number  of  exhibits  of  a 
certain  class  are  on  view  it  is  obviously 
desirable  that  the  displaj'-s  of  all 
competitors  should  be  treated  in  ex- 
actly the  same  manner  as  regards  illu- 
mination. 

In  important  competitive  events  and 
on  occasions  when  new  varieties  are 
shown  for  the  first  time,  it  is  open  to 


approach  daylight  most  nearly.  For 
such  purposes  we  still  await  an  illu- 
minant  the  spectrum  of  which  can  be 
definitely  pronounced  to  resemble  that 
of  daylight  exactly. 

For  the  purpose  of  ordinary  non- 
competitive display,  however,  many 
existing  illurriinants  offer  a  sufficiently 
close  approximation  to  the  colour  of 
dajdight  to  answer.  In  Fig.  1,  for 
instance,  is  shown  an  instance  of 
the  interior  illumination  of  the  orchid 
houses  at  the  Diisseldorf  Horticultural 


Fig.  2. 


Fig.  1. 

-Artificial  Illumination  of  Orchid-Houses  at  Diisseldorf  Horticultural  Exhibition. 


question  whether  any  existing  artificial 
illuminant  can  be  regarded  as  satisfac- 
tory, simply  on  account  of  the  distortion 
of  colour  entailed.  For  in  such  cases  the 
merits  of  a  new  variety  often  consist 
entirely  in  the  production  of  some 
novel  and  delicate  shade  of  colour. 

For  instance,  it  will  be  readily  under- 
stood that  the  delicate  shades  of  colour 
characterizing  a  novel  variety  of  sweet 
pea,  rose,  or  carnation  might  be 
effectually  masked  by  the  use  even 
of  the  artificial  illuminants  believed  to 


Exhibition,  which  were  lighted  by 
"  Regina  "  arc-lamps. 

In  any  case,  the  facilities  at  the 
command  of  modern  plant-gro\^  ers  tend 
to  extend  exhibitions  of  fioral  effects  into 
the  winter,  ^^•hen  daj^light  illumination 
is  more  difficult  to  secure.  Again  many 
of  the  public  are  unable  to  attend 
such  displays  during  the  daytime.  The 
writer  has  already  pointed  out  the 
possibilities  of  decorative  lighting  of 
parks  and  gardens  {Illuminating  En- 
gineer, August,  1908,  p.  680),  and  there  is 
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at  least  equally  interesting  scope  for 
ingenuity  in  the  production  of  artistic 
effects  in  conservatories,  greenhouses, 
ferneries,  and  water  gardens  indoors. 
Here  the  possibilities  of  effective  local 
illumination,  apart  from  a  general 
diffused  iightmg,  are  very  great. 

Of  course,  in  all  such  cases  the 
question  must  arise  how  far  it  is  legiti- 
mate, from  the  artistic  point  of  view, 
to  modify  and  imitate  the  appearance 
of  nature  by  the  use  of  artificial  light 
in  pecuHar  ways.  The  introduction  of 
fantastic  dimly  lighted  lamps  may,  for 
instance,  lead  to  interesting  effects  in 
the  hands  of  one  gifted  with  the  neces- 
sary artistic  instincts. 

The  illumination  of  trickling  water 
and  fountains  by  means  of  coloured 
light,  again,  demands  considerable  taste 
and  restraint,  while  the  use  of  miniature 
fancy  lamps,  distributed  among  foliage 
and  designed  to  imitate  fruit  or  flowers, 
offers  still  more  debateable  ground. 

Whatever  scruple  may  be  felt  in 
cases  in  which  artistic  principles  are 
predominant,  however,  there  can  be 
no  doubt  of  the  scope  for  the  applica- 
tion of  such  spectacular  effects  in 
shop  windows,  &c.,  for  the  purpose  of 
attracting  attention  and  showing  off 
fruit  and  floral  goods  in  an  attractive 
manner,  and  we  already  see  instances 
of  a  striving  after  effects  of  this  type. 

The  same  holds  good  for  the  general 
exhibits  of  big  horticultural  firms  at 
exhibitions. 

In  florists'  shops,  where  customers 
are  not  infrequently  obliged  to  select 
and  judge  flowers  under  artificial  light, 
Ihe  question  of  the  colour  of  illuminant 
used  is  again  a  matter  worth  con- 
sideration. In  particular  it  is  essential 
to  bear  in  mind  the  conditions  under 
which  such  flowers  are  to  be  used. 
Flowers  intended  for  use  by  artificial 


light  on  the  dinner-table,  for  example, 
may,  if  chosen  under  daylight  conditions, 
give  rise  to  unexpected  and  undesirable 
results. 

The  question  of  the  possibility  of 
deliberately  producing  abnormal  light 
effects,  for  the  purpose  of  stimulating 
plant-growth  in  certain  desired  direc- 
tions, hardly  falls  within  the  scope  of 
the  present  article,  though  some  ex- 
tremely interesting  results  have  already 
been  achieved  in  this  way.  Yet  the 
risk  of  light  from  artificial  illuminants 
causing  injury  to  valuable  specimens 
cannot  be  said  to  be  of  as  urgent 
importance  as  in  the  case  of  picture 
galleries.  Naturally,  however,  caution 
should  also  be  exercised  in  using  much 
artificial  illumination,  especially  new 
and  untried  varieties  of  light,  in  con- 
servatories. Electric  light  is  here  at  an 
undoubted  advantage,  both  as  regards 
flexibility  for  decorative  purposes,  and 
because  it  does  not  develope  any 
possibly  injurious  products  of  com- 
bustion. Whether  the  deviation  of  the 
spectra  of  artificial  illuminants  from 
that  of  daylight  might  give  rise  to 
injury  to  valuable  and  unique  plants 
deserves  consideration ;  but,  as  artificial 
light  is  at  present  used  for  such  com- 
paratively small  periods  of  time  in  this 
way,  the  question  is  not  very  serious. 

However,  if  a  time  were  to  come 
when  the  priceless  collections  at  Kew 
were  to  be  thrown  open  to  the  public, 
illuminated  by  artificial  light,  during 
the  evening,  the  effect  on  the  plants 
of  the  daily  exposure  to  the  rays  of 
such  illuminants  would  have  to  be 
borne  in  mind,  and  the  question  of  the 
best  quality  of  artificial  light  to  employ 
would  be  an  important  one.  Probably 
it  would  be  deemed  desirable  to  abstain 
from  the  use  of  sources  of  light  yielding 
very  peculiar  spectra. 


The   Visit  of  the  German  Association  of  Gas  and 

Water  Engineers. 


The  visit  of  the  German  Association  of 
Gas  and  Wator  Engineers  to  Groat 
Britain,  which  was  postponed  on  account 
of  tho  doath  of  King  Edward,  has  now 
boon  arranged  to  tako  place  during  the 
wook  commoncing  October  2nd  noxt. 
The  visitors  are  to  bo  tho  guests  of  tho 
Institutionof     Gas  Engineers,  the  Gas 


Light  and  Coke  Company,  the  South 
Metropolitan  Gas  Company,  the  Croydon 
Gas  Company,  and  the  Corporations  of 
Edin})urgh  and  Glasgow  respectively, 
of  which  latter  City,  tho  Engineer  of  the 
Gas  Department,  Mr.  Alex.  Wilson, 
M.Inst.C.E.,  is  now  the  President  of  the 
Institution  of  Gas  Engineers. 
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Short  Notes  on  Illuminating  Engineering. 

From  all  Sources. 


The  Effect  of  Electric  Flashes  on 
Eyesight. 

Some  time  ago  attention  was  drawn  in 
these  columns  to  tlie  suggestion  that 
the  sparks  of  the  transmitting  apparatus 
used  in  wireless  telegraphy  had  an 
injurious  effect  on  the  eyes  of  operators. 
A  case  in  which  sparks  of  a  different 
kind  seem  to  have  had  a  similar  effect 
is  recorded  in  The  Daily  Telegraph  for 
August  19th.  William  Remane,  a 
motorman,  brought  an  action  against 
the  Hastings  District  Electric  Tram- 
ways Company,  Ltd.,  at  the  Hastings 
County  Court.  He  complained  of  per- 
sistent trouble  with  his  eyes  arising 
from  the  constant  electric  flashes  from 
the  contact  system  of  the  tramway. 
As  a  result  he  had  suffered  from  fre- 
quent headaches  and  from  an  occasional 
misty  sensation  of  the  eyes  which  had 
led  to  a  collision.  Ultimately  he  gave 
up  his  position  as  driver  on  this  account, 
and  he  now  claimed  under  the  Work- 
mens'  Compensation  Act. 

His  Honour,  Judge  Scully,  reserved 
his  decision,  which  will  probably  be 
regarded  as  setting  an  important 
precedent.  At  present  a  man  can 
claim  compensation  for  an  injured 
limb,  and  the  question  may  well  be 
raised  whether  an  employer  is  not 
equally  liable  for  a  steady  deteriora- 
tion in  sight  caused  by  the  nature  of  the 
employment.  At  present  such  cases 
are  complicated  by  the  fact  that  so 
little  is  known  as  to  the  exact  causes 
responsible  for  these  eye -troubles,  and 
how  far  they  are  inevitable .  But  it  may 
be  anticipated  that  the  importance  of 
the  industrial  question  here  raised  will 
lead  to  closer  investigations  of  such 
effects.  This  has  already  occurred  in 
the  case  of  cataract  of  glass  workers. 


The  Illumination  of  Machinery  a  d 
Tools  in  Factories. 

With  the  exception  perhaps  of  picture 
galleries  there  is  no  class  of  building 
wherein  more  use  can  be  made  of  both 
general  and  apphed  lighting  than  in 
factories.  The  machines  installed  re- 
quire each  of  them  one  or  more  Ughts 
placed  so  as  to  illuminate  some  par- 
ticular part .  With  engineering  machine 
tools,  for  example,  it  is  necessary  for 
the  part  where  the  cutting  tool  is  at 
work,  as  well  as  the  device  for  regulat 
ing  the  depth  of  cut,  to  be  well  lighted  ; 
with  the  screwing  machines  in  a  boot 
factory  the  workman  must  be  able  to 
see  the  screwed-wire  feed  bobbin  as 
well  as  the  sole  of  the  boot  he  is  screwing. 
At  the  same  time  the  other  portions  of 
the  machine  must  not  be  in  darkness, 
nor  so  lighted  that  shadows  are  thrown 
on  any  part  that  may  require  attention  ; 
during  oiling  or  adjustment,  defective 
lighting  might  easily  be  the  cause  of 
a  more  or  less  serious  accident. — 
Electricity,  Aug.  12th. 

Waste  in  Street  Lighting  and  the 
Distribution  of  Light. 

A  STREET  is  a  long,  narrow  thing,  and 
whenever  the  circle  of  illumination 
from  a  lamp  gets  much  bigger  than 
the  breadth  of  the  street,  the  lamp, 
however  excellent  in  itseff,  begins  to 
be  wasteful.  In  other  words,  if  one 
tries  to  cover  up  a  yard  of  tape  A^dth 
bronze,  it  can  be  done  more  cheaply 
and  efficiently  with  farthings  than  ^^iih. 
-pennies.— Contract  Journal. 
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Penny- in-the-Slot  Public  Lighting. 

There  has  recently  been  considerable 
discussion,  in  Paris  and  elsewhere,  on 
the  time  of  extinguishing  street-lamps. 
Many  small  to^vns  are  faced  by  the 
question  whether  it  is  desirable,  for 
the  benefit  of  a  few  belated  individuals, 
to  maintain  the  public  lighting  through- 
out the  night.  An  interesting  solution 
of  the  difficulty  has  been  provided  by 
a  little  continental  community,  and 
is  described  in  the  Berliner  Ilorgenpost 
for  Aug.  5th. 

The  road  from  the  boundary  of  the 
town  of  Glogau  to  the  commune  of 
Zarkau,  which  is  rather  over  half 
a  mile  in  length,  is  provided  with 
nine  electric  incandescent  lamps, 
Avhich  amply  light  this  piece  of  road. 


lamps  remain  alight  is  regulated  by 
clockwork. 

The  Eyan  Scintillator. 

The  device  shown  here  for  spectacular 
illumination,  and  known  as  the  Ryan 
Scintillator,  is  a  striking  illustration 
of  the  American  capacity  for  doing 
things  on  a  large  scale. 

It  is  described  as  "a  glorified 
electric  fountain,"  in  which  steam  jets 
take  the  place  of  sprays  of  water, 
and  beams  of  light  from  powerful  arc 
lamps  are  thrown  upon  them.  In  the 
installation  which  worked  with  great 
success  in  the  Hudson-Fulton  celebra- 


The  communal  authorities  pay  for  the 
lighting  of  these  lamps  until  10  p.m. 
After  this  hour,  however,  anybody 
can  place  a  10  pf.  piece  in  either  of  the 
two  prepayment  meters  attached  to 
the  lamp-posts  at  each  end  of  the  road, 
when  the  light  will  be  switched  on  for 
twelve  minutes — a  period  sufficient 
to  enable  anybody  to  walk  comfortably 
from  one  end  of  the  road  to  the  other. 
The  current  is  switched  on  in  the  same 
way  as  with  the  automatic  staircase 
lighting  ;  the  prepayment  meter  being 
contained  in  a  small  and  unobtrusive 
iron  box.  A  shield  is  attached  cx- 
y)laining  the  object  of  the  meter  ; 
and  at  10  p.m.  it  is  lighted  by  a  small 
lamp.    The  i)criod  during  which  the 


tions  in  New  York  last  October, 
20  arc  projectors  were  used,  A.ith  a 
miniature  sub-station  specially  put 
down  to  run  them.  The  curtain  of 
steam  was  varied  by  using  different 
sets  of  pipes  having  a  large  selection 
of  nozzles,  and  was  augmented  by  the 
burning  of  powder  in  the  neighbourhood. 

Very  effective  colour  contrasts  are 
said  to  have  been  obtained  by  rotating 
the  usual  colour  screens  mounted 
above  the  projectors,  and  the  auroral 
effects,  similar  to  those  shown  in  the 
illustration  and  produced  by  arranging 
the  arc  beams  in  a  radial  pattern,  were 
described  as  a  particularly  striking 
feature. 
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The  Illumination  of  Skating  Rinks. 


Among  the  many  special  applications 
of  artificial  illumination  of  to-day, 
the  illumination  of  areas  devoted  to 
sport  in  the  evening  is  one  of  the  most 
interesting.  At  one  time  it  was  tacitly 
recognized  that  sport  and  athletics 
could  only  take  place  out  of  doors 
during  the  day  time.  On  the  other 
hand,  the  great  majority  of  people  are 
engaged  during  the  day  and  would  be 
glad  of  an  opportunity  of  exercise  at 


tion  of  the  roller  skating  rink,  which  is 
almost  invariably  most  crowded  after 
daylight  hours.  The  artificial  illu- 
mination provided  in  all  these  cases 
has  special  functions  to  perform.  On 
a  skating  rink  it  is  desirable  that  a  good, 
even  illumination  should  be  provided, 
and  that  the  lights  should  be  so 
arranged  that  no  inconvenient  shadows 
are  cast  by  the  moving  figures,  and 
that    skaters    are    not    dazzled  by 


night  time.  The  only  real  obstacle 
to  their  doing  so  is  the  darkness. 

The  development  of  modern  powerful 
sources  of  light  has  led  to  the  realiza- 
tion that  it  is  possible  to  illuminate 
tennis  and  racquet  courts  so  that  play 
may  take  place  by  night.  It  is  even 
on  record  that  an  important  football 
match  took  place  on  an  artificially 
Hghted  ground.  But  perhaps  the  best 
example  of  this  tendency  is  the  evolu- 


bright  lights  which  prevent  their  seeing 
where  they  are  going. 

The  illustration  on  this  page, 
for  which  we  are  indebted  to  the 
courtesy  of  Messrs.  Keith  &  Black- 
man,  Ltd.,  is  an  interesting  example 
of  the  illumination  of  such  a  rink  by 
powerful  inverted  gas  hghts.  It  is 
situated  at  the  Alexandra  Palace  (N. 
London). 


576 


THE  ILLUMINATING  ENGIISEER. 


The  Value  of  Beflected  Light  from 
Buildings. 

There  is  one  factor  in  street  illumi- 
nation which  is  often  overlooked. 
In  these  days,  when  so  much  is  heard 
as  to  the  relative  merits  of  different 
illuminants  for  street  hghting,  and 
when  the  importance  of  the  access 
of  daj^hght  to  offices  is  receiving  in- 
creased attention,  it  is  a  little  surprising 
that  the  important  role  played  by 
reflected  hght  from  the  surface  of 
buildings  lining  the  street  is  not  better 
appreciated.  In  certain  cities  in  which 
the  buildings  are  mainly  composed  of 
white  stone,  and  remain  clean,  the 
general  illumination  benefits  immensely. 
In  London  the  exteriors  of  buildings 
rapidly  approach  a  grimy  condition 
in  which  they  render  little  assistance 
to  the  artificial  lighting  of  the  street, 
and  greatly  add  to  the  difficulties 
of  the  problem. 

But  perhaps  an  even  more  direct 
consequence  of  this  griminess  is  the 
loss  of  hght  in  offices  facing  high  build- 
ings. In  such  cases  the  amount  of 
sky  visible  is  very  small,  and  it 
may  even  be  necessary  to  use  artificial 
light  habitually  in  the  daytime.  This 
is  simply  a  consequence  of  the  fact 
that  so  httle  hght  is  reflected  from  the 
buildings  opposite.  On  the  other  hand, 
when  a  building  has  been  newly  painted, 
the  reflection  into  rooms  opposite  it 
may,  on  a  bright  day,  be  positively 
dazzling.  The  writer  had  recently  an 
opportunity  of  observing  a  striking 
improvement  in  illumination  of  an 
office  caused  simply  and  solely  by  the 
face  of  the  building  opposite  being 
cleaned  by  the  steam  cleaner.  Now 
that  these  methods  of  scouring  the 
surface  of  buildings  are  becoming  usual, 
and  the  prevention  of  the  smoke 
nuisance  is  a  less  visionary  prospect, 
(mv,  might  suggest  that  the  benefits  of 
(lilTus((l  illumination  from  the  outsides 
of  buildings,  and  tlu;  i)()SHibihties  of 
asKisting  street  lighting  by  reflection 


of  this  kind,  will  receive  more  notice 
and  may  play  a  more  important  role 
in  the  street  lighting  of  the  future. 

The  Lady  of  the  Lamp. 

The  funeral  of  Miss  Florence  Nightin- 
gale took  place  on  Saturday,  August 
20th,  and  a  notable  service  was  held  in 
St.  Paul's  Cathedral  at  noon.  Many  of 
those  who  were  present  were  veterans 
from  the  Ciimea  and  could  recall  the 
enthusiasm  which  her  heroic  services 
then  aroused.  Among  the  congrega- 
tion representatives  of  practically  every 
nursing  association  in  the  kingdom  were 
also  present. 

An  interesting  feature  among  the 
many  floral  tributes  was  a  representa- 
tion of  the  old-fashioned  lantern  which 
Miss  Nightingale  carried  at  Scutari 
and  which  gave  rise  to  her  famous 
sobriquet  of  "  The  Lady  of  the  Lamp." 
One  can  well  understand  how,  to 
wounded  men,  the  distant  lamp  came 
to  be  regarded  as  an  emblem  of 
approaching  succour. 

Acetylene  for 
Optical  Telegraphy. 

We  note  in  a  recent  number  of  Revue 
des  Eclairages,  an  account  of  the  use  of 
acetylene  in  the  Austrian  army  for 
the  purposes  of  optical  telegraphy. 
An  interesting  feature  of  the  installa- 
tion is  the  use  of  an  oxy-acetylene 
flame  which  is  projected  on  to  a  small 
block  formed  of  rare  earths,  and  brings 
this  to  a  high  degree  of  incandescence. 
This  arrangement  is  superseding  the 
ordinary  acetylene  flame,  as  it  gives 
a  much  more  intense  light,  even  ap- 
proaching that  of  the  arc,  and  at  the 
same  time  is  more  portable  than  the 
latter.  In  some  cases,  a  small  acetylene 
generator  is  carried  with  the  installation, 
but  more  generally  both  acetylene  and 
oxygen  are  supplied  in  cylinders. 
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An  Arrangement  for  Producing  a  Variation  in  the 
Illumination  of  a  Surface  according  to  a  Predeterminated 

Law. 

(Tb.  Guilloz,  Comptes  Rendus,  Jan,  18,  1909), 


The  author  describes  an  ingenious  and 
interesting  method  of  producing  a  given 
gradation  of  illumination  on  a  surface. 
Many  investigators  of  photometrical  sub- 
jects have  doubtless,  at  one  time  or 
another,  felt  the  need  of  a  convenient 
method  of  producing  a  patch  of  illumina- 
tion gradually  varying  in  intensity  accord- 
ing to  some  desired  law  ;  for  instance,  a 
miiformly  altering  illumination  of  this 
kind  would  be  very  serviceable  in  producing 
a  gradual  gradation  of  light  and  shade 
on  a  photographic  plate.  The  apparatus 
is  essentially  as  follows  : — 


varies  according  to  the  nature  of  the  law, 
by  which  the  illumination  is  intended  to 
vary.  Suppose,  however,  for  the  moment, 
that  no  diaphragm  is  inserted,  or,  what 
comes  to  the  same  thing,  the  diaphragm 
is  of  a  uniform  width.  Now  it  can  be 
shown  that  the  rays  from  ab  passing 
through  a  certain  horizontal  line  in  the 
convex  cylindrical  lens,  will  form  a  corre- 
sponding image  AB.  This  image  receives 
light  only  through  the  agency  of  the 
rays  passing  through  this  horizontal 
section  of  the  lens ;  the  same,  of  course, 
holds  for  any  other  horizontal  strip  in 


Fig.  1. 

A  linear  source  ah  sends  its  rays  through  the  image  A  A2,  Bo  B.  If,  therefore,  the 
a  cylindrical  convex  lens,  as  shown  in  the  diaphragm  is  of  uniform  width,  we  shall 
diagram,  thus  producing  an  image  such  secure  a  uniformly  illuminated  image 
as  A  A2,  B  Bg.  In  front  of  this  convex  (assuming  that  the  source  ab  is  of  uniform 
lens  is  fixed  a  diagram,  the  shape  of  which  brightness  throughout) 
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If,  liowever,  a  diaphragm  gradually 
altering  in  width  is  placed  in  front  of  the 
cylindrical  lens,  the  rectangular  strip  AB 
will  still  be  uniformly  bright  horizontally, 
but  this  intensity  of  illumination  will  be 
proportional  to  the  width  of  the  corre- 
sponding section  of  the  diaphragm  through 
which  the  rays  forming  this  section  of  the 
image  pass.  As  a  result  we  shall  secure 
an  integral  image  A  A,,  B  Bg  the  illu- 
mination of  which  is  uniform  in  intensity 


horizontally,  but  gradually  changes 
vertically  according  to  the  law  represented 
by  the  contour  of  the  diaphragm.  All 
that  is  necessary,  therefore,  is  to  shape 
the  diaphragm  according  to  the  function 
f{x)  of  the  prescribed  law.  For  instance, 
if  a  uniform  rate  of  change  of  illumina- 
tion is  desired  the  aperture  of  the  dia- 
phragm will  be  triangular,  as  shown  in  the 
diagram. 


Holophane,  Ltd. 


The  above  company  has  been  registered 
with  a  capital  of  £200,000  in  100,000 
preference  7  per  cent  shares  of  £1  each, 
and  100,000  ordinary  shares  of  £1  each. 

Readers  of  this  journal  will  be  familiar 
with  the  nature  of  the  scientific  glass- 
ware manufactured  by  the  Holophane 
Company,  which  utilizes  sjDCcially  con- 
structed prisms  designed  to  diffuse  or 
concentrate  the  light  from  artificial 
illuminants  in  any  desired  direction.  A 
report  of  Prof.  S.  P.  Thompson,  D.Sc, 
F.R.S.,  commenting  favourably  upon  the 
company's  products  and  processes,  has 
been  received,  and  can  be  seen  at  the 
offices  of  the  company.  Prof.  Thompson 
draws  attention  to  the  important  feature 
of  the  Holophane  glass  in  both  diffusing 


the  light  and  avoiding  the  effect  of  glare, 
and  at  the  same  time  directing  the  light 
where  it  is  needed  ;  he  also  speaks  with 
approval  of  the  simplicity  of  the  most 
recent  fixtures,  notably  the  "  Stiletto  " 
reflectors.  • 

The  directors  of  the  company  are 
Mr.  O.  A.  Mygatt  (President  of  the  Holo- 
phane Glass  Co.,  of  New  Jersey),  Lieut. - 
Col.  F.  J.  P.  Butler,  Major  G.  C.  Glyn, 
D.S.O.  (Manager  of  the  Holophane  Co., 
of  London),  Lord  Ernest  W.  Hamilton, 
and  Mr.  R.  Woodhouse,  jun.  The  regis- 
tered office  of  the  company  is  12,  Car- 
teret Street,  Westminster,  London,  S.W., 
whence  further  particulars  may  be  ob- 
tained. 


Some  Publications  Received.* 

Eck,  J.,  The  Application  of  Arc  Lamps  to  Practical  Purposes.  (S.  Rentell  &  Co., 
36,  Maiden  Lane,  London,  W.C.,  2s.  6d.  net). 

The  first  portion  of  this  book  contains  details  regarding  the  efficiency  and  the 
distribution  and  colour  of  the  light  yielded  by  various  arc-lamps.  Particulars  are  also 
given  of  their  application  to  special  purposes  as  projectors,  photo-copying  machines, 
&c.  The  latter  part  of  the  work  is  occupied  by  illustrated  descriptions  of  various  well- 
known  lamps. 

London  County  Council,  Report  of  the  Medical  Officer  {Education)  for  1909. 

This  contains  a  section  dealing  with  defective  vision  and  its  causes  ;  also  an 
interesting  table  comparing  the  lighting  in  schools. 

City  Lighting  :  The  Report  of  the  Engineer  for  the  City  of  London. 
Transactions  of  the  American  Illuminating  Engineering  Society. 

This  number  contains  a  report  of  a  paper  and  discussion  on  '  Selling  Electric  Light,' 
an  abstract  of  a  paper  by  L.  13.  Marks  on  '  Factory  Lighting,'  and  a  contribution  by 
C.  R.  CHfford  dealing  with  '  Decoration  and  Illumination.' 

Among  other  publications  we  have  also  to  acknowledge  the  receipt  of  The  Journals 
of  the  British,  American,  and  South  African  Institutions  of  Electrical  Engineers,  the 
Transactions  of  the  Faraday  Society,  the  Journal  of  the  Rontgen  Society,  the  Journal  of 
the  Franklin  Institute,  the  Transactions  of  the  American  Electrochemical  Society,  Jahrhuch 
der  Radioaktivitdt  und  Elektronik,  Zeitschrift  filr  wissenschaftliche  Photographic  PhotO' 
physik,  und  I*hotochemie,  the  Proceedings  of  the  Physical  Society  of  London,  the  Proceed- 
ings of  the  American  Philosophical  Society,  the  Physical  Review,  the  Proceedings  of  the 
Tokyo  MathematicO'Physical  Society,  the  Journal  of  the  Society  of  Arts,  the  Journal 
of  the  Society  of  Architects,  the  Journal  of  the  Western  Society  of  Engineers,  Atti  della 
AsHOciazione  EUcMrotecnica  Italiana,  dhc. 


*  To  some  of  these  publicatious  we  hope  to  refer  in  greater  detail  shortly. 
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TRADE  NOTES. 

r  fi,.^  ..nn.iocf  nf  manv  nf  onr  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receiviYor' publPSVpaXJlaL"^  new  d'vllojments  in  laSxps.  fixtures,  and  all  kinds  of  apparatus  connected 


with  illumination. 


The  contents  of  these  paaes  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serveas  a  gu?dfto  rece^^^^^^^  devciopments,  and  we  welcome  the  receipt  of  all  bona  He  niformat.on 

relating  thereto.] 


THE  "G.  M."  LAMP. 


The  small  table  lamp  shown  in  the  accom- 
panying illustration  is  an  interesting 
example  of  the  combination  of  decorative 
appsarance  with  the  scientific  distribu- 
tion of  light.  For  reading  and  writing 
what  is  needed  is  a  light  which  is  effectu- 
ally directed  where  it  is  required,  and  at 
the  same  time  completely  screened  from 
the  reader's  eye.  A  coloured  shade, 
illuminated  by  transparency,  may  also 
be  an  object  of  decorative  value. 

The  G.  M.  lamp,  which  has  recently 
been  exhibited  at  the  show-rooms  of  the 
New  York  Edison  Co.  (to  whom  we  arc 
indebted  for  this  illustration),  is  intended 
to  combine  both  these  principles.  It 
utilizes  a  Mazda  tungsten  lamp,  sur- 
rounded by  an  appropriate  Holophane 
shade,  a  leaded  glass  decorative  shade 
surmounting  the  whole.  In  this  way 
the  advantages  of  a  uniform  illumina- 
tion without  streaks  or  glare  are  said  to 
be  obtained,  the  great  majority  of  the 
light  being  thrown  downwards,  where  it 
is  wanted ;  a  Kttle  of  the  light,  however, 
is  allowed  to  escape  sideways,  so  as  to 
show  up  effectively  the  colours  in  the 
leaded  glass  shade. 


"  MITCHELLITE  "  AIR  GAS. 


We  have  received  some  particulars  of 
the  MiTCHELLiTE  air  gas  system,  which 
by  an  entirely  automatic  apparatus  is 
claimed  to  produce  a  mixture  of  petrol 
vapour  and  air,  afterwards  utilized  with 
incandescent  mantles  for  lighting  in  a 
manner  familiar  to  readers  of  this  journal. 
The  essential  function  of  a  plant  of  this 
nature  is  to  maintain  the  proportions  of 
gas  and  air  constant,  irrespective  of  the 
load,  and  to  require  a  minimum  of 
attention  at  the  hands  of  its  owner. 
These  qualities  the  Mitchellite  system  is 


claimed  to  possess,  and,  as  an  illustra- 
tion of  its  safety,  it  is  added  that  this 
was  the  only  machine  allowed  by  the 
fire  insurance  companies  and  the  L.C.C. 
to  make  gas  inside  the  building  at  the 
Ideal  Home  Exhibition  at  Olympia, 
London,  in  1908,  and  the  Building  Trades 
Exhibition  in  1909. 

It  is  stated  that  one  gallon  of  petrol 
will  produce  about  1,000  cubic  feet  of 
gas,  and  that  1,000  candle-power  hours 
can  be  produced  at  a  cost  of  \\d.  to  \\d. 


iSO 
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A  USEFUL  PATENT  EXTENDED  SHADE 
RING. 

We  have  received,  from  the  Sun  Elec- 
trical Co.,  Ltd.  (118-120,  Charing  Cross 
Road,  London,  W.C.)  particulars  of  an 
interesting  and  convenient  innovation, 
consisting  in  an  extended  shade  ring,  for 
attachment  to  incandescent  lamp  holders. 
Every  one  who  has  been  obliged  constantly 
to  remove  lamp  shad.es  attached  to 
electric  lamp  holders  will  often  have 
experienced  the  difficulty  of  getting  one's 
fingers  round  the  ring  and  unscrewing  it, 
so  as  to  release  the  shade.  This  is 
very  apt  to  occur  in  the  case  of  narrow 
shades,  and  special  tools  have  been  devised 
to  meet  the  difficulty  in  shops,  &c., 
where  the  shades  have  to  be  frequently 
detached  for  cleaning. 

A  very  simple  method  of  rendering  the 
detaching  of  such  shades  a  more  easy 
matter,  however,  consists 
in  the  use  of  the  extended 
ring  shown  in  the  Illustra- 
tion. This  is  naturally 
much  more  easy  to  de- 
tach than  the  ordinary 
ring,  and  is  threaded  so 
that  it  can  be  screwed 
on  to  all  standard  B.C.  holders. 


SIEMENS  "  ONEWATTLITE.'* 

A  NEW* 'development  introduced  some 
months '^ago  by  Messrs.  Siemens  Bros., 
Dynamo  Works,  Ltd.  (Tyssen  Street, 
Dalston,  London,  N.E.)  when  placing 
their  100  c.p.  lamps  on  the  market  is 
now  generally  known  to  the  trade  as  the 
"  Onewattlite."  It  is  stated  to  be 
specially  convenient  for  shop  -  lighting 
installations. 

The  "  Onewattlite  consists  of  a 
100  c.p.  "  Onewatt  "  lamp  used  in  con- 
jimction  with  a  suitable  design  of  Holo- 
j)hanc  Glass  Reflector,  fitted  to  a  gallery 
which  brings  the  lamp  into  true  focus 
and  obtains  the  best  possible  illumination 
effects.  The  price  quoted  is  inclusive  of 
glassware,  gallery,  and  100  c.p.  "  One- 
watt  "  lam  J)  complete,  with  the  excep- 
tion  of  the  larnj)  holder,  and  is  readily 
fitt(!d  to  any  existing  lamp  holder  which 
may  b(5  instalhd.  In  the  case  of  now 
installations,  however,  it  would  be  neces- 
sary U)  ord(!r  lamp  holders  extra. 


CHEAPER  GAS  IN  PROSPECT. 

Consumers  of  gas  in  the  district  of  the 
Gas   Light   &   Coke   Company    will  be 

glad  to  note  that  in  the  speech  of  the 
Governor  (Mr.  Corbet  Woodall)  at  the 
meeting  of  shareholders  on  the  5th  inst. 
it  was  foreshadowed  that  there  would  be 
a  further  reduction  in  the  price  of  gas 
at  the  end  of  this  year,  making  the 
seventh  reduction  in  eight  years. 
•  This  continuous  decrease  in  the  price 
charged  by  the  Gas  Light  Company  is 
very  welcome,  alike  to  the  consumers, 
who  benefit  to  the  extent  of  nearly 
£100,000  a  year  by  every  reduction  of 
Id.  per  1,000  cubic  feet  ;  to  the  share- 
holders, whose  dividend  can  only  rise 
as  the  price  falls  ;  and  to  the  employees, 
whose  share  of  the  profits  also  varies 
inversely  with  the  price  of  gas. 

^  WELSBACH  ILLUMINATION  DATA. 

The  Welsbach  Co.  (Gloucester  City,  New 
Jersey,  U.S.A.)  furnish  us  with  some 
additional  sheets  to  be  added  to  the 
Illumination  Data  Book,  previously  re- 
ceived from  this  firm.  It  will  be  recalled 
that  attention  was  previously  drawn  in 
these  columns  to  the  excellent  booklet 
issued  by  the  Welsbach  Co.,  containing 
particulars  of  their  lamps  and  fixtures. 
It  is  their  practice  to  issue  new  sheets 
of  data  relating  to  each  new  fixture 
introduced,  which  can  be  added  to  the 
books  so  as  to  make  the  series  complete. 


BRIMSDOWN  METALLIC  FILAMENT 
LAMPS. 

From  the   Imperial  Lamp   Works,  Ltd., 

(Brimsdown,  Middlesex)  we  receive  some 
particulars  of  the  Colloid  -  tungsten 
metallic  filament  lamps  made  by  this 
firm.  The  lamps  are  listed  for  voltages 
from  25  to  260,  one  feature  being  a 
17  watt  lamp  for  100-136  volts.  The 
lamj^s  are  stated  to  be  capable  of  being 
burned  in  any  position. 


A.E.G.  LAMP  TRANSFORMERS. 

The  A.E.G.  (Berlin)  send  us  particulars 
of  the  small  transformers  constructed 
by  the  firm  for  reducing  alternately 
supjily  P.D.'s  for  metallic  lamps.  A 
reduction  to  14  volts  is  considered  most 
satisfactory.  It  is  added  that  the  light 
load  current  of  such  transformers  is 
loss  than  that  of  the  best  metallic  filament 
lam])s  on  the  market  for  110  or  220  volts. 
A  s|)ocial  feature  is  the  use  of  very 
small  transformers,  for  use  with  single 
lamps,  built  into  the  holder. 
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ILLUMINATION  AND  PHOTOMETRY. 

A  CONSIDERABLE  number  of  British 
papers  refer  to  the  recent  report  of  the 
City  Engineer  on  street  lighting.  There 
is  some  further  reference  to  the  pr  per  on 
this  subject  by  J.  Abady  referred  to  in 
a  previous  review.  Thus  K.  Edgcumbe 
{Electrician,  July  I5th)  considers  that  the 
suggested  method  of  taking  the  mean  of 
the  intensities  at  angles  of  20°  and  50° 
is  unsatisfactory.  He  considers  that 
15°  and  25°  would  be  better,  but  that  it 
is  doubtful  whether  any  adequate  con- 
ception of  the  light  as  a  whole  could  be 
secured  by  measurement  at  any  two 
arbitrary  chosen  angles. 

Several  papers  in  the  Transactions  of 
the  American  Illuminating  Engineering 
Society  and  in  The  Illuminating  Engineer 
of  New  York  also  deserve  attention. 
L.  B.  Marks  deals  with  Factory 
Lighting.  He  lays  stress  on  the  un- 
desirability  of  anything  giving  rise  to 
a  "spotty"  illumination.  For  this 
reason,  he  remarks,  local  lighting  pure 
and  simple  is  rarely  satisfactory.  An 
interesting  point  is  the  use  of  prismatic 
glass  for  windows.  In  one  case  this 
enables  a  firm  to  dispense  with  a  series  of 
skylights  used  to  illuminate  the  room, 
and  thus  to  save  a  considerable  amount  of 
space.  C.  R.  Clifford  {T.I.E.S.,  March) 
deals  with  the  relation  of  Decoration 
TO  Illuminating  Engineering.  A.  D. 
Curtis  [Illuminating  Engineer,  N.Y., 
August)  describes  an  interesting  example 
of  the  Lighting  of  Large  Areas, 
namely,  the  artificial  illumination  of  a  big 
American  gymnasium  in  which  baseball 
is  played.  The  chief  point  to  be  observed 
in  this  case  was  the  placing  of  the  sources 
exceedingly  high  up  so  as  to  avoid 
shadows  of  moving  objects,  and  the 
concentration  of  the  light  exclusively 
downwards. 

Another  remarkable  example  of  the 
lighting  of  large  outdoor  areas  was  given 
in  The  Electrical  World  for  July  28th. 
This  consists  in  the  illumination  by 
80  flame  arc-lamps  of  an  arena  devoted 
to  a  military  spectacle  in  Chicago .  D etails 
are  given  of  the  distribution  of  illumination 
over  the  ground  ;  this  appears  to  have 
been  of  the  order  of  1  foot -candle. 

Among  articles  of  a  more  photo - 
metrical  nature  reference  may  be  made 


to  that  of  E.  W.  Winkler  Buscher  (hlek. 
u.  Masch.,  Aug.  7),  who  contributes  a 
lengthy  article  dealing  in  a  rather  ex- 
haustive manner  with  the  Globe  Photo- 
meter. Besides  discussing  the  theory 
of  the  instrument  the  author  gives  some 
data  of  tests  on  a  Holophane  reflector 
which  ajDpeared  to  absorb  about  6  per 
cent  of  light.  He  also  j^oints  out  one 
important  feature  of  the  globe  photo- 
meter, namely,  that  it  integrates  the 
light  in  ALL  directions,  whereas  other 
methods  of  obtaining  the  mean  spherical 
candle-power  usually  assume  that  the 
polar  curve  of  illumination  is  sym- 
metrical about  the  vertical  axis.  By  the 
aid  of  curves  for  various  arc-lamps,  &c., 
he  shows  that  this  is  rarely  the  case  in 
practice. 

Another  article  of  interest  is  that  by 
G.  W.  Middlekauff  [Electrical  World, 
July  21),  who  describes  a  form  of  appa- 
ratus for  attachment  to  a  photometrical 
bench  and  Automatically  Recording 
Photometrical  Readings.  The  author 
points  out  that  by  this  means  a  consider- 
able amount  of  fatigue  is  avoided,  and  the 
possibility  of  mistakes  in  reading  the 
scale  is  greatly  reduced.  Ihis  point  is 
more  important  in  the  case  when  one 
experimenter  has  both  to  observe  his 
photometer  and  to  read  the  scale.  This 
is  apt  to  be  very  fatiguing,  and  to  pre- 
judice the  sensitiveness  of  measurement. 
By  means  of  the  recording  device  referred 
to  a  series  of  readings  appears  as  a  cluster 
of  dots  recorded  on  a  sjDCcial  scale  of 
candle-power,  and  the  mean  can  easily 
be  obtained  by  subsequent  observations 
of  this  chart. 

Another  article  dealing  with  photo- 
meters appears  in  a  recent  number  of  the 
American  Gaslight  Journal.  In  this  a 
series  of  new  forms  of  photometrical  in- 
struments, most  of  which  were  described 
at  recent  meetings  of  the  Ilkmiinating 
Engineering  Society  in  London,  are 
dealt  with.  An  editorial  in  The  Electrical 
World  points  out  the  need  for  a  portable 
standard  of  light.  This  is  experienced 
very  keenly  in  connexion  wdth  illumina- 
tion photometers,  in  which  small  glow- 
lamps  fed  by  an  accumulator  are  at 
present  usually  employed  ;  the  method, 
however,  has  several  obvious  incon- 
veniences. 
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Several  articles  deal  with  the  Effects 
OF  Ultra- Violet  Rays.  Chief  among 
these  is  the  abstract  of  a  communica- 
tion from  the  Institute  of  Physiology  in 
the  University  of  Paris  {Elek.  u.  Masch., 
August  7).  The  authors  describe  a 
series  of  tests  of  the  destructive  power  of 
such  rays  on  bacteria.  Experiments 
show  that  this  action  is  not  due  to  the 
illumination  of  Oo  as  was  formerly 
supposed.  Experiments  were  carried  out 
with  a  Quartz  tube  lamp  producing  rays 
of  wave-length  as  low  as  0'22/>i.  Rays  of 
even  shorter  length  than  this  are  also 
produced,  but  are  rapidly  absorbed  by 
the  air.  The  authors  describe  the  use  of 
a  series  of  screens  enabling  the  ultra- 
violet rays  to  be  sub -divided  into  different 
varieties,  and  each  quality  to  be  sepa- 
rately studied.  It  appears  that  it  is 
chiefly  the  very  short  rays,  such  as  are 
largely  absorbed  by  the  atmosphere  on 
their  way  to  the  earth  from  the  sun, 
which  are  jDre judicial  to  life. 

ELECTRIC  LIGHTING. 

A  number  of  general  articles,  dealing 
with  the  sale  of  electric  light  and  the 
effect  of  metallic  filament  on  central 
station  revenue,  have  appeared  in  the 
United  States. 

Special  mention  may  also  be  made  of 
an  article  by  Dr.  B.  Monasch  {E.T.Z., 
August  11th),  who  discusses  Indirect 
Illumination  with  High  Candle-power 
Tungsten  Lamps.  He  compares  this 
method  of  lighting  with  various  other 
systems,  arriving  at  the  conclusion  that, 
although  it  is  naturally  not  so  efficient 
as  direct  lighting  by  lamps  of  the  same 
kind,  it  can  compete  with  inverted  arc- 
lamps.  In  addition,  he  thinks  that  the 
quahty  of  light  is  preferable,  and  that 
the  objection  usually  urged  against  in- 
verted lighting,  that  it  is  depressing,  is 
less  felt  with  glow-lamps.  He  adds 
that  inverted  lighting  both  by  arc -lamps 
and  tungsten  lamps  proved  more  efficient 
than  the  Moore  light,  though  giving  a 
similar  diffused  kind  of  illumination. 
His  contentions  are  supported  by  a  series 
of  curves  showing  the  distribution  of 
illumination  in  each  case,  the  results 
being  expressed  in  watts  per  lux  per 
K(|uaro  meter,  in  accordance  with  the 
most  recent  rcigulations  of  the  Verband 
Doutscher  Elektrotochniker. 

A  number  of  articles  deal  with  arc- 
lamps.  An  interesting  contribution  by 
P.  Hogner  {K.T.Z.,  July  21)  discusses  the 
kffkctofwavk  form  and  frequency  on 
the  p(!rf()rmanc(is  of  alt(!rnating  (;Mrr(!nt 
fifirn  •  urc-lattips.  'J'hc! watts  jxu- 1  Icfruu-wcn-e 
0*2{j  at  a  fr(!qu(!ncy  of  25  and  0"21  at  the 
frequency  of  100.    The  efficiency  is  thus 


increased  as  the  frequency  rises.  The 
effect  of  wave-form  is  also  quite  notice- 
able. A  steeply  rising  curve  gives  a 
better  result  than  a  gradual  one. 

F.  K.  Northrup  {Phy.  Review,  July) 
describes  a  Laboratory  Form  of  Arc- 
Lamp  intended  for  photographic  pur- 
poses and  required  to  operate  very 
steadily.  The  lower  electrode  was  floated 
in  mercury,  and  a  very  steady  arc  is  said 
to  have  been  secured  as  a  result.  By 
using  a  steel  upper 'electrode  an  arc  rich 
in  ultra-violet  rays  was  obtained,  and 
it  was  found  very  essential  that  the  eyes 
of  the  observer  should  not  be  exposed 
to  the  naked  arc. 

Among  other  articles  we  may  refer 
to  the  abstract  of  the  recent  contribution 
of  W.  Wedding  on  the  Moore  Light, 
which  appears  in  The  Electrician  (August 
19).  An  editorial  in  the  same  journal 
deals  with  the  matter,  and  points  out 
several  respects  in  which  the  Moore  light, 
in  spite  of  its  obvious  advantages,  is  at 
a  drawback.  For  example,  it  is  stated 
that  at  a  frequency  of  60  the  appearance 
of  moving  objects  is  distorted.  Agam, 
the  fact  that  the  hght  is  not  divisible, 
so  that  one  must  either  illuminate  the 
whole  room  or  not  at  all,  is  also  regarded 
as  a  disadvantage. 

An  editorial  in  The  Electrical  World 
(August  4)  discusses  the  value  of  the 
Quartz  Mercury  Arc  for  Street 
Lighting.  One  incidental  advantage 
commented  upon  is  that  the  small 
tubular  shape  of  the  source  enables  it  to 
be  readily  fitted  with  reflectors  so  as  to 
modify  the  distribution  of  light  in  any 
way  desirable. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

There  are  not  many  articles  to  record 
in  connexion  with  gas  lighting. 

Several  American  contributions  deal 
generally  with  fighting  installations  and 
the  use  of  "  gas  arcs,"  and  an  account  is 
given  of  the  lighting  of  the  Sharpsburg 
Bridge  at  Pittsburgh  {Prog.  Age,  August) 
by  powerful  units. 

K.  Fritzsche  describes  a  new  method 
of  Automatic  Ignition,  which  does  not 
need  any  pilot  flame  [J.f.G.,  August  6). 
The  method  is  somewhat  unique,  in- 
volving the  use  of  a  pneumatic  control 
and  a  piece  of  specially  prepared  metal, 
which  becomes  incandescent  when  })layed 
upon  by  a  stream  of  gas. 

Another  (Jerman  article  of  interest 
is  the  summary  of  New  Forms  of 
Lanterns  and  Standards  in  use  for 
stre(it  lighting  in  Strassburg  {J.f.G., 
August  1:J).  Ther(^  are  also  several  his- 
torical articles  to  l;e  noted,  for  example, 
that    dealing    with     "  50    years'  pro- 
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gress  in  gas  lighting  at  Bad  Emms  " 
{J.f.G.,  August  6),  the  liistory  of  the 
gas  company  in  Munich  (Z.f.B.,  July  30, 
August  10,  20)  and  the  development  of 
the  calcimn  carbide  and  acetylene  in- 
dustry {Z.f.B.,  July  30). 

A  number  of  articles  in  the  British 
gas  journals  deal  with  recent  develop- 
ments in  High  Pressure  Gas  Light- 
ing. It  is  stated,  for  example,  that 
centrally  suspended  gas  lamps  are  to  be 
utilized  in  Cannon  Street,  the  arrange- 
ments enabling  the  lamjDS  to  be  taken 
to  the  side  of  the  street  and  lowered  for 
cleaning  and  maintenance  in  the  same 
way  as  those  used  in  Stuttgart  and  else- 
where in  Germany.  An  account  is  also 
given  of  the  lighting  of  the  railway 
station  at  Brighton  {G.W.,  August  20), 
where  inverted  high-pressure  lamps,  tak- 
ing a  pressure  of  54  inches  of  water,  are 
used.  An  interesting  feature  in  this 
case  is  the  utilization  of  the  new  Keith 


&  Blackman  electrical  ignition  by  means 
of  an  incandescent  platinum  wire.  Some 
account  is  also  given  of  the  use  of  high- 
pressure  gas  lamps  outside  tradesmen's 
shops  in  North  London,  whore  they  appear 
to  have  proved  very  satisfactory  for 
advertisement  purposes.  Some  figures 
are  given  for  the  renewals  of  mantles  ; 
these  are  said  only  to  amount  to  between 
L2  and  2.9  per  lamp  per  quarter,  accord- 
ing to  the  locality. 

A  recent  number  of  the  Zeitschrift  fur 
Beleuchtungswesen  contains  a  reference 
to  a  form  of  burner,  the  air  supplied  to 
which  is  automatically  regulated  so  as 
always  to  secure  the  most  perfect  condi- 
tions of  combustion.  This  is  done  by 
means  of  a  ring  which  expands  as  the 
pressure  appHed  to  the  burner  is  increased. 

Recent  numbers  of  the  same  journal 
contain  a  continuation  of  the  series  of 
patents  dealing  with  incandescent  burners 
for  liquid  fuel. 
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NORTHAMPTON   POLYTECHNIC  INSTITUTE. 
St.  John  Street,  London,  E.C. 
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MECHANICAL  AND  ELECTRICAL  ENGINEERING. 

FULL  DAY  COURSES  in  the  Theory  and  Practice  of  the  above  subjects  will  commence  on  Monday, 
October  3,  1910.  The  Courses  in  Mechanical  Engineering  give  a  thorough  grounding  in  Engineering  work,  and  in 
the  third  and  fourth  years  inch  de  specialization  in  various  directions,  such  as  Automobile  and  Aeronautical 
Engineering.  In  Electrical  Engineering  with  similar  grounding  the  specialization  is  in  the  direction  either  of 
Heavy  Electrical  Engineering  (with  special  attention  to  Illuminating  Engineering),  or  of  Telegraphy  and  Telephony, 
including  Radio-Telegraphy. 

ENTRANCE  EXAMINATIONS  will  be  held  on  Wednesday  and  Thursday,  September  28  and  29',  at 
which  THREE  ENTRANCE  SCHOLARSHIPS  will  be  offered.  The  courses  include  two  summer  periods  of 
about  six  months  each  spent  in  commercial  workshops,  and  extend  over  four  years  altogether;  they  also  prepare 
for  the  degree  of  B. Sc.  in  Engineering  at  the  University  of  London.  Fees  for  either  of  these  courses  £15,  or  £11 
per  annum. 

TECHNICAL  OPTICS. 

Full  and  partial  day  courses,  practical  and  theoretical,  in  Technical  Optics  will  also  commence  on  the  date 
given  above.  These  Courses  deal  with  all  branches  of  Optical  Science  and  practice,  and  are  well  adapted  to  those 
seeking  a  career  in  this  department  of  Applied  Science. 

The  laboratories,  workshops,  and  lecture  rooms  of  the  Institute  are  fully  equipped  for  the  most  advanced 
teaching  in  all  the  subjects  referred  to  above. 

Full  particulars  can  be  obtained  on  application  at  the  office  of  the  Polytechnic,  or  to 
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 Ill  


The  Second  Cone:res 
International   des  Maladies 
Profession  nelles. 

On  page  599  will  be  found  an 
account  of  the  Second  International 
Congres  des  Maladies  Professionnelles, 
which  took  place  in  Brussels  from 
September  10th  to  15th.  This  is  the 
second  congress  of  the  kind  that  has 
been  held,  the  first  being  organized  in 
Milan  in  1906.  In  the  short  period 
which  has  elapsed  since  its  initiation, 
however,  this  movement  for  the  study 
of  questions  connected  with  industrial 
hygiene  has  made  very  considerable 
progress. 

The  Congress  was  attended  by 
representatives  of  the  Government  of 
different  nations,  and  many  of  those 
participating  were  authorities  of  world- 
wide reputation  in  their  respective 
departments.  Its  deliberations  will 
doubtless  be  a  valuable  record  for  use 
in  framing  future  recommendations  on 
industrial  hygiene.    We  cannot  make 


reference  to  the  large  number  of 
valuable  papers  read  on  this  occasion, 
but  refer  readers  who  desire  fuller 
particulars  to  the  complete  account 
of  the  proceedings  which,  we  under- 
stand, will  be  published  in  volume 
form  shortly. 

It  was  naturally  very  gratifying  to 
find  that  special  prominence  was  given 
to  the  subject  of  illumination,  in 
conjunction  with  hygiene  and  eye- 
sight, in  the  programme  of  this  im- ' 
portant  Congress,  and  the  Illumina- 
ting Engineering  Society  therefore 
gladly  accepted  the  invitation  to  be 
officially  represented  on  this  occasion. 
This  is  probably  the  first  time  that  an 
essentially  medical  Congress  has  re- 
ceived officially  the  co-operation  of 
those  interested  in  the  engineering  as- 
pects of  illumination,  and  the  important 
precedent  set  in  this  direction  at  once 
enlisted  the  sympathy  of  the  Illumin- 
ating Engineering  Society.  Originally 
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four  delegates,  Prof.  S.  P.  Thompson 
(President),  Mr.  L.  G-aster  (Hon.  Sec), 
Mr.  R.  J.  Wallis  Jones,  and  Mr.  J. 
Eck  were  nominated,  but  Prof. 
Thompson  and  Mr.  Wallis  Jones  were 
unavoidably  detained  at  the  last 
moment.  The  remaining  two  mem- 
b3rs  of  the  Council, '  Mr.  J.  Eck 
and  the  writer,  were  present ;  the 
latter  delivered  a  paper  dealing  with 
the  ^  H3^gienic  Aspects  of  Illumination.' 

Qaite  a  number  of  other  papers 
were  submitted  dealing  with  matters 
connected  with  illumination,  and 
were  most  sympathetically  received 
by  those  present.  Dr.  A.  Broca,  Mons. 
Massarelli,  and  Dr.  F.  Terrien,  for 
example,  all  laid  stress  on  the  n6ed 
for  more  precise  knowledge  and  recom- 
mendations on  lighting,  and  there 
was  a  general  conviction  of  the  im- 
portance of  this  matter  to  Insurance 
Companies  and  those  engaged  in  the 
inspection  of  factories.  AH  parties 
are  really  anxious  to  see  better  con- 
ditions established.  The  difficulty  is 
that  up  to  the  present  sufficiently 
definite  data  have  not  been  presented 
for  their  gnidance. 

Good  Illumination  and  the 
Prevention  of  Accidents. 

From  the  mass  of  information  pre- 
sented on  this  occasion  two  sugges- 
tions emerge  prominently;  that  an 
understanding  is  needed  as  to  the 
minimum  permissible  illumination, 
and  that  definite  rules  are  wanted 
sj:>ecifying  the  best  means  of  arranging 
lights  so  as  to  avoid  the  possibility  of 
their  causing  discomfort  to  the 
eyes.  In  both  cases  fairly  definite 
suggestions  have  already  been  made. 
In  several  countries  10  lux  (about 
1  foot-candle)  has  been  mentioned 
as  the  minimum  permissible  illu- 
mination. Many  authorities,  again, 
have  independently  expressed  the 
view  that  no  source  of  intrinsic 
brilliancy  exceeding  2|  candle  per 
scjuare  inch  should  be  used  in  a 
position  in  which  it  is  constantly 
exposed  close  to  the  eye. 

J)r.  Broca,  in  his  very  exhaustive 


paper,  has  also  expressed  the  view  that 
the  intensity  of  illumination  ought  not, 
in  many  cases  where  fine  work  is  done, 
to  fall  below  30  to  40  lux.  ;  ^It;  may 
safely  be  said  that  any  recommendations 
that  may  be  made  in  this  direction  in 
the  future  will  naturally  commence  by 
specifying  an  absolute  miiiimum,  a 
value,  that  is,  which  every  one  recog- 
nizes as  the  least  illumination  that  can 
safely  be  tolerated.  But  it  seems  to  us 
quite  possible  that  manufacturers  will 
often  prefer  to  keep  well  above  this 
figure,  because  they  will  recognize  that  it 
is  to  their  own  advantage  to  do  so.  M. 
Massarelli  made  one  important  state- 
ment in  this  connexion.  He  stated 
that  in  his  experience  employers  who 
adopted  improved  methods  of  illu- 
mination were  mainly  influenced  by 
the  conviction  that  the  possibility  of 
.  accidents  was  largely  reduced  by  doing 
so. 

The  need  for  good  lighting  arrange- 
ments in  this  connexion  seems  to  us 
so  clear  that  it  must  be  admitted  that 
the  present  legislation  affecting  the 
safeguarding  of  dangerous  machinery 
is  incomplete.  It  is  not  enough, 
for  example,  to  surround  moving 
machinery  with  a  guard  unless  its 
outlines  can  be  clearly  seen.  There 
must,  therefore,  be  enough  light  for 
this  to  be  the  case,  and — what  is 
perhaps  even  more  important — the 
lights  must  be  properly  placed.  A 
lamp  so  placed  that  its  rays  fall 
straight  into  the  eyes  of  the  worker  is 
possibly  even  more  liable  to  lead  to 
accidents  than  mere  insufficiency  of 
illumination. 

We  regret  that  conditions  of  space 
do  not  enable  us  to  refer  in  greater 
detail  to  the  many  other  valuable 
papers.  Mr.  A.  G^len  Park  and  Prof. 
Dr.  C.  Gallenga  both  pointed  out  the 
need  for  perfect  eyesight  on  the  part 
of  those  engaged  in  processes  very 
trying  to  the  eyes  ;  conceivably  they 
might  be  rendered  distinctly  less 
exacting  where  the  conditions  of  illu- 
mination are  more  perfect.  To  this 
and  other  matters  we  make  reference 
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in  the  account  of  the  Congress  on 
page  599. 

The  importance  of  a  more  definite 
understanding  as  to  methods  of 
recording  and  expressing  results  was 
fully  recognized  at  the  Congress,  and 
the  international  connexion  of  the 
Illuminating  Engineering  Society 
should  be  very  beneficial  in  this 
direction.  We  therefore  trust  that 
this  journal  will  be  regarded  as  a 
centre  of  information  by  all  those 
interested  in  these  matters,  and  we 
hope  that  many  of  the  delegates  who 
participated  in  the  proceedings  will 
give  their  co-operation  by  collecting 
data  for  presentation  at  the  next 
Congress  to  be  held  in  Vienna  in  1914. 

The  Cong^ress  of  the  Royal 
Sanitary  Institute. 

Shortly  before  the  opening  of  the 
Congress  referred  to  above  the  annual 
gathering  of  the  Royal  Sanitary 
Institute  took  place  at  Brighton.  Here 
again  the  subject  of  illumination 
received  special  attention,  a  paper 
being  delivered  by  Mr.  J.  Darch,  F.S.I., 
a  member  both  of  the  Royal  Sanitary 
Institute  and  of  the  Illuminating 
Engineering  Society.  Our  readers 
will  find  a  summary  of  this  paper  on 
page  606. 

Mr.  Darch  dealt  mainly  with  the 
importance  of  the  correct  distribution  of 
light,  and  laid  stress  on  the  necessity 
of  avoiding  anything  in  the  nature  of 
glare  ;  in  this  connexion  he  described 
several  methods  of  shading  lights  in 
such  a  way  that  the  occupants  of  a 
room  were  not  troubled  by  their  direct 
rays  and  yet  a  minimum  of  light  was 
cut  off.  Proceeding  to  practical  appli- 
cations of  the  principle,  Mr.  Darch 
suggested  that  a  more  liberal  use 
might  be  made  of  good  reflecting  sur- 
faces both  for  interior  and  outdoor 
lighting,  and  pointed  out  the  limita- 
tions of  the  present  system  of  street 
lighting,  which  often  involved  the 
placing  of  intensely  bright  dazzling 
sources  against  dark  backgrounds. 

Mr.  Darch  also  referred  to  the  need 
for  the  measurement  of  illumination 


as  a  means  of  specifying  precisely  what 
the  conditions  of  good  lighting  ought 
to  be,  and  exhibited  several  forms  of 
instruments  for  the  purpose,  including 
those  recently  devised  by  Mr.  Haydn 
T.  Harrison  and  Messrs.  Dow  and 
Mackinney,  which  were  described  at  a 
recent  meeting  of  the  Illuminating 
Engineering  Society.*  Mr.  J.  S.  Dow, 
who  was  present,  subsequently  ex- 
plained the  use  of  this  apparatus. 

Several  other  papers  read  on  this 
occasion,  notably  those  of  Dr.  Hand- 
ford  and  Dr.  Parry,  dealt  with  the 
work  of  the  school  medical  officer.  It 
was  pointed  out  that  the  conditions  of 
lighting  in  many  schools  left  room  for 
great  improvement,  and  that  the 
medical  authority  was  frequently 
hampered  in  his  recommendations  by 
faulty  construction  of  the  building. 

Here  again,  we  think,  it  is  to  be 
regarded  as  an  important  precedent 
that  a  paper  dealing  specially  with 
lighting  matters,  and  showing  their 
relation  to  the  eye,  should  have  been 
read  before  the  Royal  Sanitary  In- 
stitute, which  has  done  such 
magnificent  work  in  promoting  an 
interest  in  sanitary  science.  We 
venture  to  hope  that  the  Institute  will 
use  its  great  influence  to  encourage 
the  study  of  illumination  from  the 
hygienic  standpoint. 
The  Transformation  of  Light. 

In  this  number  we  describa  two 
recent  attempts  to  make  practical  use 
of  the  phenomena  of  phosphorescence 
and  fluorescence.  The  first  of  these 
is  the  type  of  "  phosphorescence 
illumination  photometer  "  recently 
devised  by  W.  T.  Vivian  and  Gr.  W. 
Huey  in  the  United  States.  In  this 
case  an  attempt  is  made  to  use  a 
phosphorescent  material  as  the  stand- 
ard source,  thus  doing  away  with  the 
necessity  for  a  small  glowlamp  and 
secondary  cell,  as  usually  employed 
in  instruments  of  this  class.  As  might 
naturally  be  expected,  the  authors  find 
that  certain  somewhat  inconvenient 


*  Ilium.  Eng.,  vol.  iii.,  June,  1910,  pp.  373-376. 
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precautions  are  necessary  in  order  to 
secure  consistent  results.  For  example, 
it  is  stated  to  be  essential  that  phos- 
phorescent surface  should  be  main- 
tained at  a  fixed  temperature  such  as 
that  of  melting  ice,  and  even  so,  the 
brightness  of  the  surface  diminishes 
rapidly  after  exposure.  However,  the 
attempt  is  interesting,  and  we  shall 
closely  follow  further  investigations 
on  the  subject. 

The  other  development  to  which  we 
refer  is  of  a  different  character^  It  is 
reported  that  Dr.  Cooper  Hewitt  has 
succeeded  in  utilizing  reflectors  coated 
with  certain  fluorescing  materials  to 
supplement  the  light  from  the 
mercury  vapour  lamp,  the  contention 
being  that  the  missing  red  rays  can 
be  contributed  in  this  way,  with  the 
result  that  a  light  resembling  day- 
light can  be  obtained. 

It  will  be  most  interesting  to 
observe  how  far  the  inventor's  hopes 
in  this  direction  are  fulfilled.  It 
has,  of  course,  long  been  known 
that  a  moderately  brilliant  light 
could  be  secured  from  these  fluor- 
escent substances.  The  writer  has  a 
recollection  of  some  experiments  of 
this  kind  which  he  had  the  privilege 
of  seeing  in  the  United  States  several 
years  ago  in  Mr.  Hammer's  Laboratory. 
But  a  difficulty  has  hitherto  been 
encountered  in  securing  permanence. 

Should  it,  however,  be  found  possible 
to  produce  substances  which  will 
fluoresce  with  sufficient  vividness  to 
produce  effects  such  as  those  described 
by  Dr.  Cooper  Hewitt,  and  which  will 
preserve  these  properties  for  a  con- 
siderable length  of  time,  a  very  marked 
advance  in  illumination  will  have  been 
secured.  And  if,  in  addition,  sub- 
stances can  be  made  which  will 
maintain  their  vividness  for  a  long 
time  in  the  dark,  when  the  stimu- 
lating light  has  been  taken  away, 
then  great  possibilities  open  out  before 
us. 

It  is  of  course  too  early  as  yet  to 
say  what  can  or  what  cannot  be  done. 


But  it  would  surely  be  surprising 
if  the  persistent  and  painstaking 
work  which  has  been  proceeding  in 
different  countries  in  this  field  durinsj 
the  last  few  years  did  not  eventually 
lead  to  important  developments^. 

The  Report  on  the  City  Lighting:, 

The  recently  issued  annual  report 
of  the  City  Engineer  contains  a  con- 
siderable amount  of  useful  information 
on  public  lighting.  We  summarize 
this  report  on  page  613. 

That  so  much  space  should  be 
allocated  to  data  on  street-lamps  in  a 
report  of  this  kind  is  an  illustration 
of  the  attention  now  bestowed  on 
illumination.  Whatever  may  be  said 
regarding  the  effectiveness  of  street- 
lighting  in  London,  one  cannot  but  be 
impressed  by  the  readiness  of  the 
authorities  to  undertake  experiments. 
Whether  such  investigations  are  always 
pursued  with  a  sufficiently  definite 
object,  and  whether  the  experiments 
are  not  often  carried  out  on  a  need- 
lessly lavish  scale  is,  of  course,  another 
matter.  One  cannot  but  wonder,  for 
example,  why  it  should  be  necessary, 
before  deciding  on  a  system  of  lighting, 
to  instal  lamps  over  a  large  portion 
of  a  street,  sometimes  only  to  be  re- 
placed by  others  after  a  very  short 
time.  London  has  been  described  as 
the  laboratory  of  the  world  in  street- 
lighting,  but  the  public  would  pro- 
bably prefer  that  the  illumination  of 
important  thoroughfares  at  any  rate, 
should  not  be  in  a  continuous  experi- 
mental state. 

At  the  same  time  we  fully  recognize 
that  properly  directed  and  organized 
experiments  are  valuable.  In  this 
connexion  we  may  again  express  the 
hope  that  a  Central  and  Impartial 
Authority  will  shortly  be  appointed 
to  make  the  necessary  tests,  and 
will  issue  results  which,  being  backed 
by  the  weight  of  authoritative  expert 
opinion,  will  constitute  a  much-needed 
guide  in  these  matters. 

Leon  Gaster. 
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Review  of  Conte] 

Mr.  A.  P.  Trotter  (p.  591 )  continues  his 
discussion  of  Errors  in  Photometry. 
He  alludes  to  the  importance  of 
familiarity  with  the  instrument  used  ; 
an  observer  will  almost  invariably  get 
the  most  accurate  results  with  a  photo- 
meter to  which  he  is  accustomed. 
Another  factor  which  affects  the 
accuracy  of  such  measurements  is  the 
illumination  of  the  screen,  and  Mr. 
Trotter  presents  curves  obtained  by 
various  observers  showing  how  the 
sensitiveness  of  the  eye  diminishes  with 
decreased  illumination.  A  difference  in 
colour  between  the  standard  and  the 
lamp  examined  is  also  a  difficulty  to 
many  observers.  There  are  naturally 
other  causes  of  error,  apart  from  the 
observer  and  the  instrument,  such  as 
fluctuations  in  the  light  of  the  lamp 
studied. 

Following  this  (p.  591)  will  be  found 
a  reference  to  an  Illumination-Photo- 
meter, BASED  ON  Phosphorescence, 
recently  devised  by  W.  T.  Yivian  and 
G.  W.  Huey  in  the  United  States.  In 
this  instrument  it  is  proposed  to  utilize 
the  light  from  a  phosphorescent  screen 
as  a  standard,  but  there  are  several 
practical  difficulties.  Not  only  does 
the  light  gradually  diminish,  but  it  is 
necessary  to  maintain  the  coating  of 
luminous  paint  at  a  constant  tempera- 
ture in  order  to  get  consistent  results. 

On  p.  599  is  an  account  of  the  Con- 
GR±s  International  des  Maladies 
Professionnelles  which  took  place 
at  Brussels  last  month.  On  this 
occasion  the  subject  of  illumination 
received  important  recognition,  and,  as 
the  Congress  is  specially  devoted  to 
Industrial  Hygiene  and  patronized  by 
the  Governments  of  the  respective 
countries,  this  is  regarded  as  an 
important  precsdent.  Several  papers 
were  read  dealing  with  the  subject  of 
illumination.  Mr.  L.  Gaster  contri- 
buted some  remarks  on  The  Hygienic 
Aspects  of  Illumination,  in  which 
the  legislation  of  various  countries  on 
the  subject  was  summarized,  and  several 


its  of  this  Issue. 

illustrations  of  the  effect  of  good 
and  bad  lighting  were  given.  It  was 
also  pointed  out  that  bad  conditions  of 
lighting  diminish  the  output  and  pre- 
judiciously  affect  quaHty  of  work,  and 
are  apt  to  lead  to  accidents  and  neglect 
of  cleanliness. 

Dr.  A.  Broca  also  deals  with  Illu- 
mination AND  the  Eye  in  an  exhaus- 
tive paper.  He  discusses  in  detail  the 
effect  on  the  eye  of  over-brilliant  sources, 
and  emphasizes  the  relation  between 
illumination  and  acuteness  of  vision. 
In  this  connexion  he  advocates  a  mini- 
mum illumination  of  30  to  40  lux. 
Dr.  F.  Terrien  and  Mons.  F.  Massarelli 
also  delivered  papers  dealing  with  the 
value  of  Good  Lighting  in  Factories, 
especially  from  the  standpoint  of  the 
factory  inspector  and  the  insurance 
company.  More  definite  recommenda- 
tions are  needed.  The  general  con- 
clusion to  be  drawn  from  the  dis- 
cussion seems  to  be  that  unanimity 
exists  on  two  points  :  (1)  the  necessity 
of  specifying  a  minimum  illumination 
and  (2)  the  desirability  of  definite 
advice  as  to  how  brilliant  sources 
can  best  be  arranged  so  as  not  to  cause 
discomfort  to  the  eye. 

Other  papers  by  Prof.  C.  Gallenga, 
Mr.  A.  Glen  Park,  and  others,  deal  with 
the  conditions  of  eyesight  of  workers 
engaged  in  various  occupations.  In 
the  cotton  and  textile  industry,  for 
example,  a  special  examination  into  the 
eyesight  of  applicants  for  certain  depart- 
ments known  to  be  particularly  trying 
is  made  ;  naturally  in  such  cases  the 
provision  of  good  illumination  is  im- 
portant in  order  to  reduce  the  strain  to 
a  minimum. 

The  Congress  of  the  Royal  Sani- 
tary Institute  is  referred  to  on  p.  605. 
The  chief  item  on  this  occasion  was  a 
paper  by  Mr.  J.  Darch,  F.S.I.,  who  also 
discussed  illumination  from  the  stand- 
point of  its  effect  on  the  eye.  Mr. 
Darch,  like  the  other  speakers  men- 
tioned above,  dwells  on  the  value  of 
good  shading,  and  seeks  to  show  how 
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this  can  be  done  with  a  minimum  loss 
of  Hght.  He  also  points  out  that  much 
of  the  interior  and  exterior  lighting  of 
to-day  transgresses  the  laws  of  good 
illumination,  and  suggests  that  in  the 
future  a  more  liberal  use  will  be 
made  of  reflection  from  light-tinted 
surfaces.  It  is  also  mentioned  that, 
in  order  to  accumulate  data  regarding 
conditions  of  illumination,  simple  and 
practical  methods  of  measurement  are 
needed,  and  a  demonstration  was  given 
by  the  lecturer  of  various  forms  of 
apparatus  for  this  purpose. 

Several  other  papers  at  this  Congress 
dealt  with  the  work  of  the  school 
medical  officer,  further  evidence  being 
given  of  the  need  for  improvement  in 
lighting  conditions  in  schoolrooms. 
.  The  same  subject  is  discussed  in  an 
extract  from  a  recent  report  issued  by 
Dr.  J.  Kerr,  Medical  Officer  to  the 
L.C.C.  (p.  611).  In  this  case  stress  is 
laid  on  the  Direction  of  Light,  which 
should  reach  the  pupils  from  the  left, 
and  a  sketch  is  given  showing  how 
curvature  of  the  spine  is  apt  to  be 
engendered  by  defects  of  this  kind. 

The  Report  on  the  City  Lighting, 
recently  issued  by  the  City  Engineer, 
will  be  found  on  p.  613.  Full  informa- 
tion is  given  regarding  the  cost  of 
upkeep  of  the  various  lamps  used  in  the 
City  and  of  the  experimental  lighting 
recently  undertaken  by  flame  arcs  and 
high-pressure  gas  lamps. 

On  p.  615  will  be  found  an  account 
of  a  paper  by  Dr.  E.  P.  Hyde  and  Mr. 
J.  E.  Woodwell  deahng  with  The 
Moore  Tube.  An  account  is  given 
of  a  number  of  tests  of  the  distribution 
of  illumination,  &c.,  and  reference  is 
made  to  the  stroboscopic  effect  of  the 
variations  in  light.  An  interesting 
suggestion  for  the  avoidance  of  this 
effect  is  that  the  tube  should  be  split 
into  two  halves  and  worked  with  a 
difference  of  phase  of  90  degrees. 

Following  this  will  be  found  the  con- 
clusion of  the  paper  by  Mr.  S.  E.  Doane 
in  which  the  series  of  data  dealing  with 
the  Analysis  of  Costs  of  Central 
Stations  is  completed,  the  final  con- 
clusion being  that  electrical  supply 
companies  have  a  great  opportunity  in 
the  metallic  filament  lamps,  and  that, 
wisely  used,  these  lamps  will  eventually 


lead  not  to  a  reduction  but  to  an 
increase  in  revenue. 

A  short  illustrated  article  following 
discusses  several  .  commonly  occurring 
types  of  Opal  Shades.  It  is  pointed 
out  that  these  are  often  used  indis- 
criminately in  shop -window  lighting, 
with  the  result  that  the  mantles  are  not 
adequately  screened  from  the  eye. 
Sometimes  the  wrong  form  of  shade 
seems  to  be  used  and  in  other  cases  it 
is  incorrectly  placed.  It  is  therefore 
suggested  that  some  education  in  the 
simple  rules  of  good  illumination  would 
be  useful  to  those  engaged  in  the 
installation  of  such  shades,  and  a  few 
remarks  on  the  value  of  instruction 
to  gasfitters  in  such  matters  are 
quoted. 

Among  other  articles  in  this  number 
reference  may  be  made  to  the  note  on 
the  iflumination  of  Church-Lighting 
Fixtures  (p.  632),  in  which  a  few 
remarks  are  made  on  the  desirability  of 
selecting  types  of  fixtures  in  harmony 
with  the  general  architectural  scheme 
of  the  interior.  On  p.  597  will  be  found 
a  discussion  of  the  value  of  the  Smash- 
ing Point,  i.e.,  the  time  which  must 
elapse  in  the  life  of  a  lamp  before  it 
becomes  economical,  theoretically,  to 
replace  it  by  a  new  one.  The  practical 
rule,  it  is  suggested,  is  that  a  carbon 
filament  lamp  should  always  be  thrown 
away  when  it  is  obviously  blackened  and 
dull,  but  a  metallic  filament  lamp  ought, 
as  a  rule,  to  be  retained  until  it  burns 
out.  Yet  another  short  note  (p.  598) 
deals  with  the  value  of  Photometry  in 
connection  with  cases  of  Ancient 
Lights.  In  such  cases  it  is  often 
necessary  to  produce  definite  evidence 
that  the  access  of  light  to  an  interior  has 
been  seriously  prejudiced,  and  actual 
measurements  of  the  light  may  be 
found  serviceable  in  this  connection. 

Reference  should  also  be  made  to  the 
series  of  Short  Notes  on  Illuminating 
Engineering  (p.  627),  in  which  brief 
comments  are  made  on  a  variety  of 
subjects  of  popular  interest. 

At  the  end  of  the  number  will  be 
found  the  usual  Trade  Notes,  con- 
taining a  description  of  the  newly 
introduced  "  Silica  "  quartz  tube  mer- 
cury vapour  lamp,  and  the  Review  of 
the  Technical  Press  (p.  637). 
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Illumination,  its  Distribution  and  Measurement. 

By  A.  P.  Tkotter. 
Electrical  Adviser  to  the  Board  of  Trade. 
{Continued  from  p,  539,  Vol.  III.) 


Errors  {continued). 

Familiarity  with  the  particular  form 
of  photometer. — One  who  has  consider- 
able experience  with  one  or  more  kinds 
of  photometers  may  have  great  diffi- 
culty in  obtaining  good  results  with  an 
instrument  of  an  unfamiUar  type. 
Long  experience  wdth  a  Bunsen  photo- 
meter, in  which  similarity  of  contrast 
of  two  neighbouring  patterns  is  looked 
for,  does  not  fit  a  worker  for  securing 
good  results  from  an  instrument  of  the 
equaUty  type,  where  two  contiguous 
screens  may  be  made  to  appear 
identical  in  tone.  Arising  from  such 
experience,  or  perhaps  depending  upon 
some  psychological  principle,  the 
perfect  match  of  the  halves  of  the 

equality  "  Lummer-Brodhun  photo- 
meter, or  of  the  concentric  pattern, 
does  not  give  such  good  results,  with 
some  workers,  as  a  pattern  depending 
upon  sUght  contrast.  The  Metro - 
pohtan  Gas  Referees  photometer*  with 
its  screen  of  slightly  grained  paper  is 
preferred  by  those  who  are  accustomed 
to  it,  and  in  their  hands  yields  ex- 
cellent results,  while  those  who  can 
do  equally  accurate  w^ork  with  the 
apparently  structureless  material  of  a 
perforated  screen  or  simple  Lummer- 
Brodhun  find  the  former  instrument 
insensitive.  Some  workers  prefer  a 
flicker  photometer  even  for  comparing 
lights  of  the  same  colour,  while  others 
can  do  nothing  approaching  to  accurate 
work  with  it.    There  is   a  distinct 

*  Ilium.  End.,  vol.  i.  p.  976. 


tendency  in  some  lamp  factories  to 
cling  to  one  kind  of  photometer  and 
to  take  Httle  interest  in  improved 
methods.  For  lamp  testing  is  done  by 
piece-work,  and  the  testers  are  re- 
luctant to  exchange  a  photometer 
with  which  they  can  work  easily  and 
quickly  for  another  which  might,  at 
first,  take  time  and  trouble  to  use. 

Heavy  moving  parts,  even  if  moving 
with  little  friction,  disconcert  those 
who  are  accustomed  to  Hght  and  freely 
moving  parts.  The  former  must  be 
gradually  moved  up  to  the  position  of 
balance,  the  latter  allow  quick  oscilla- 
tions to  be  made.  Each  method  is 
capable  of  excellent  work  in  experi- 
enced hands.  Dissatisfaction  has  been 
expressed  at  the  innumerable  types  of 
photometers,  and  the  desire  has  been 
expressed  for  some  standard  instru- 
ment. The  fact  is  that  familiarity 
with  a  photometer  is  of  great  import- 
ance, and  if  the  design  and  workman- 
ship be  fairly  good  the  type  matters 
very  little.  A  corollary  is  that  each 
man  declares  that  the  photometer  to 
which  he  is  accustomed,  or  which  he 
has  invented,  is  the  best. 

General  experience  with  photometric 
work. — It  might  seem  that  this  is  the 
chief  factor  in  reducing  personal  error, 
but  it  will  be  found  that  one  who  has 
limited  experience  with  a  particular 
type  of  photometer  can  do  better  work 
than  a  highly  trained  man  who  tries  to 
use  an  unfamiHar  pattern.  Familiarity 
with  a  particular  photometer  seems 
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therefore  to  be  of  greater  importance 
than  mere  experience  in  the  art.  The 
art  is  quickly  learnt,  but  it  is  probable 
that  some  persons  cannot  attain  any 
high  degree  of  accuracy. 

Physical  conditions  of  the  observer. — 
It  is  obvious  that  a  man  who  is  fatigued 
or  out  of  health  cannot  work  at  his 
best,  and  this  applies  peculiarly  to 
photometry,  because  the  operation 
depends  entirely  on  a  subjective  im- 
pression. A  skiKul  engineer  who  has 
to  turn  a  bolt  to  fit  a  hole,  working  with 
"  go  "  and  not -go  "  gauges,  may  be 
so  tired  or  ill  that  he  may  make  the 
diameter  too  small.  He  obviously 
makes  a  mistake  and  the  result  remains. 
A  dyer  who  has  to  match  a  sample  of 
cloth  makes  a  judgment  very  like 
that  of  a  worker  with  a  photometer, 
but  there  again  the  result  remains, 
and  may  be  reviewed  on  another 
occasion.  The  difficulty  with  photo- 
metry is  that  the  judgment  must  be 
made  when  the  balance  appears  to  be 
obtained.  The  operation  is  fugitive, 
and  cannot  be  revised  unless  all  the 
conditions  are  reproduced.  To  arrive 
at  an  accurate  measurement,  therefore, 
the  measurement  should  be  repeated 
several  times  under  the  same  conditions. 

It  is  weU  known  in  experimental 
psychology  that  sensation  differences 
diminish  after  the  beginning  of  a  series 
of  tests,  fall  to  a  minimum,  and  then  rise. 
This  occurs  in  photometry.  During 
the  first  stage  the  worker  makes 
"  sighting  shots  "  to  "get  his  eye  in." 
If  he  is  experienced,  this  stage  may 
perhaps  occupy  as  little  as  half  a  minute, 
and  means  that  the  first  two  or  three 
observations  will  often  be  found  un- 
trustworthy, and  should  be  rejected. 
A  less  experienced  man,  or  one  who 
is  in  fact  gaining  experience,  will 
improve  in  accuracy  during  a  longer 
period.  The  second  stage  may  persist 
for  a  long  time  if  the  work  is  not  hurried 
or  too  continuous.  If  an  observer 
confines  himself  to  using  the  photo- 
meter, and  dictates  his  readings  to  an 
assistant,  or  if  he  goes  further  and 
deputes  the  reading  of  the  scale  to  the 
assistant,  and  makes  a  number  of 
measurements  in  succession,  he  will 
soon  become  too  fatigued  to  do  exact 
work. 


Kennelly  and  Whiting*  suggest  that 
25  observations  under  the  latter  con- 
ditions, occupying  from  15  to  22  seconds 
each,  is  about  the  largest  number  that 
can  he  made  in  direct  succession  with- 
out ocular  fatigue.  These  experiments 
were  made  with  the  view  of  finding  the 
degree  of  accuracy  obtainable  with 
different  kinds  of  photometers  under 
different  conditions,  and  a  high  degree 
was,  of  course,  aimed  at.  Each  set  was 
made  under  the  same  conditions,  and 
the  mean  of  the  25  observations  was 
taken.  Six  observers  took  part  in  the 
work,  and  850  observations  were  made. 

Besides  conditions  of  ill-health  or 
general  fatigue,  two  kinds  of  ocular 
fatigue  are  hable  to  cause  increased 
errors.  One  of  these,  due  to  a  long 
succession  of  observations  closely  fol- 
lowing each  other,  has  been  mentioned. 
This  form  of  fatigue  is  probably  con- 
nected with  relaxation  of  the  close 
attention  necessary  to  form  a  correct 
judgment,  and  is  of  a  subjective 
character,  but  is  also  associated  with 
a  distinct  kind  of  fatigue  due  to  a 
persistent  image  of  the  photometer 
screen  on  the  retina.  In  order  to 
reduce  this  image,  the  illumination  on 
the  photometer  should  not  be  greater 
than  is  necessary.  Useful  as  an  assist- 
ant may  be  in  other  ways,  it  is  an  ad- 
vantage to  rest  the  eye  between  suc- 
cessive observations  by  reading  a 
properly  lighted  scale  or  noting  read- 
ings in  a  note-book  illuminated  to  the 
lowest  convenient  amount.  To  look 
straight  at  a  lamp  for  examining  the 
height  of  a  flame  or  the  position  of 
a  filament,  or  even  to  light  a  pipe,  is 
enough  to  make  accurate  work  im- 
possible until  the  eye  has  recovered, 
for  after  spending  some  time  in  a 
darkened  room  the  eye  becomes  very 
much  more  sensitive. 

Speed  of  working. — Except  so  far  as 
fatigue  is  concerned,  the  speed  of  work- 
ing has  not  as  much  effect  on  accuracy 
in  photometry  as  might  be  expected. 
With  freely  moving  equipment  a 
measurement  can  be  made  to  an  accu- 
racy of  2  or  3  per  cent  in  5  or  6  seconds. 


*  A.  E.  Kennelly  and  S.  E.  Whiting,  Some 
Obfiermtion.i  on  Photometric  Precision,  Nat. 
Electric  Light  Association,  New  York.  (Chicago 
Convention,  1908.) 
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Keimelly  and  Whiting  found  that, 
with  hghts  of  similar  colour,  22  seconds 
was  the  average  time  taken  to  obtain 
an  accuracy  of  I' 5  per  cent  with  a 
Bunsen  photometer,  or  0*5  per  cent 
with  the  contrast  pattern  of  theLummer- 
Brodhun.  The  concentric  pattern  giving 
about  I  per  cent  took  about  17 
seconds,  and  the  plain  equality  pattern 
0'75  per  cent  in  15  seconds.  The 
observers  were  not  all  accustomed 
to  photometric  work.  After  some  ex- 
perience with  a  particular  kind  of 
photometer,  and  with  arrangements 
for  providing  a  very  free  motion  of  the 
apparatus,  not  much  improvement  in 
a  setting  is  made  after  10  seconds. 
With  heavy  apparatus  that  has  to  be 
moved  comparatively  slowly  a  longer 
time  is  necessary. 

In  certain  lamp  factories  electric 
glow-lamps  are  tested  by  piece-work. 
This  is  generally  carried  out  by  girls 
working  in  teams  of  two,  one  seated  in 
front  of  the  photometer,  adjusting  it, 
making  the  observations,  and  reading 
the  result  either  in  candle-power  at 
constant  pressure  or  in  volts  for  a 
given  candle-power  ;  the  other  changes 
the  lamps  and  marks  them. 

With  a  heavy  photometer  moved 
up  to  the  point  of  balance,  1,800  lamps 
can  be  tested  in  a  day  of  8|  hours  with 
maximum  permissible  error  of  half  a 
candle-power  in  20,  or  2 J  per  cent. 
With  a  Joly  or  Bunsen  photometer 
easily  and  quickly  movable,  as  many 
as  2,500  to  3,000  can  be  done  in  a  day 
with  a  maximum  error  of  J  in  16,  or,  say, 
3  per  cent. 

Colour  difference.  —  Kennelly  and 
Whiting  found  that  the  superiority 
of  the  Lummer-Brodhun  instrument 
almost  disappeared  when  hghts  of 
slightly  different  colours  were  compared. 
They  did  not  fall  into  the  mistake  so 
common  with  other  writers  on  this 
subject,  of  using  strong  colours  such 
as  red  and  green,  which  may  be  studied 
for  physiological  or  purely  scientific 
purposes,  with  interesting  and  valuable 
results,  but  they  confined  themselves  to 
such  practical  colours  as  those  of  a 
carbon  glow-lamp  at  4*4  watts  per 
candle-power,  and  an  over-run  tantalum 
lamp  at  0*93  watts  per  candle-power. 
The  errors  varied  from  1*4  per  cent 


with  the  contrast  Lummer-Brodhun 
to  1*94  with  the  Bunsen,  the  former 
occupying  16' 9  seconds  and  the  latter 
14-3  seconds.  It  may  seem  strange 
that  since  there  is  admittedly  a  greater 
difficulty  in  comparing  coloured  hghts 
that  the  average  time  should  be  less 
than  when  lights  of  the  same  colour 
were  compared.  An  inexperienced 
person  will  worry  for  a  long  time  with 
the  colour  difficulty,  but  after  a  few 
attempts  he  will  find  that  no  advantage 
is  to  be  gained  and  no  further  accuracy 
can  be  secured  by  spending  time  on 
the  comparison.  If  a  2  per  cent  error 
is  permissible,  the  colour  difficulty 
with  ordinary  ranges  between  the 
Hefner  and  an  arc  lamp  is  surmounted 
with  a  very  little  practice.  In  candle- 
power  photometry  a  sufficiently  brilhant 
illumination  of  the  screens  can  generally 
be  obtained  to  avoid  the  Purkinje 
effect.  In  illumination  photometry 
this  difficulty  cannot  be  surmounted, 
but  fortunately  in  such  work  it  is  of 
no  serious  importance. 

Steadiness  of  the  light.— In  sonie 
kinds  of  photometric  work  the  fight  is 
perfectly  steady,  but  in  others  serious 
unsteadiness  must  be  coped  with. 
Flame  standards  affected  by  draughts 
are  sometimes  troublesome,  but  with 
ordinary  care  and  patience  favourable 
opportunities  can  be  seized  for  good 
work.  Inferior  arc  lamps  are  not 
amenable  to  care,  and  patience  must 
be  expended,  not  in  waiting  for  a  steady 
light,  but  in  taking  as  many  readings 
as  possible  from  which  a  mean  may  be 
calculated.  Such  unsteadiness  is  acci- 
dental, but  the  flicker  due  to  spinning 
electric  glow-lamps  for  obtaining  the 
mean  horizontal  candle-power  is  con- 
sidered by  most  lamp  makers  to  be 
unavoidable.  It  certainly  makes  the 
work  more  difficult,  and  therefore  less 
accurate.  Surprising  results  were 
found  by  Dr.  E.  P.  Hyde  and  Mr.  F.  E. 
Cady*  in  studying  the  effect  of  flicker 
due  to  rotating  lamps.  With  different 
observers  and  different  photometers 
the  effect  of  flicker  presented  marked 
differences  amounting  to  7  per  cent. 
See  also  Kennelly  and  Whiting,  loc.  cit. 

*  'Measurement  of  Mean  Horizontal  Candle- 
power,'  Bulletin  of  the  Bureau  of  Standards^ 
Washington,  vol.  ii.,  No.  3,  p.  426. 
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The  illumination  on  the  photometer. — 
Tor  candle-power  photometry,  the 
amount  of  illumination  on  the  photo- 
meter may  generally  be  controlled, 
and  matters  are  generally  so  arranged 
that  it  is  about  ten  metre -candles 
or  one  foot -candle.  When  the  illu- 
mination is  less  than  about  0*1  foot- 
candle  accuracy  begins  to  fall  off. 
Fig.  141  gives  results  of  experiments 
made  by  Mr.  J.  S.  Dow  and  by  M.  A. 
Broca  on  this  point.* 
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Fig.  141. 

Mr.  Dow  moved  a  photometer  head 
gradually  until  a  change  of  illumination 
could  be  detected  on  one  side,  and  then 
moved  it  in  the  other  direction  until  a 
change  could  be  detected  on  the  other 
side.  The  difference  between  the  posi- 
tions thus  found  has  some  relation  to 
the  mean  error  of  a  single  observation, 
but  it  largely  exceeds  that  error.  In 
all  photometric  work  a  range  can  be 
found  beyond  the  limits  of  which  the 
photometer  is  appreciably  out  of 
balance.  The  art  of  exact  photometry 
consists  in  the  attempt  to  bisect  this 
range,  t  The  personal  error  of  an 
observer  is  the  error  which  he  makes 
in  this  bisection.  Mr.  Dow's  results, 
and  those  of  several  other  workers 
who  have  investigated  the  precision 
of  photometers  in  the  same  way, 
must  not  be  treated  as  the  errors  of 
observation. 

Broca}  used  a  very  different  method. 
He  employed  a  Masson  disc  consisting 
of  a  rotating  white  card  with  black  dots. 

*  J.  S.Dow,  The  lUvminati'ng  Eiigineer,\o\.  iii. 
p.  237.  A.  Broca,  Journal  de  Phps{qve,May,  1894, 
and  The  Electrician,  vol.  xxxiii.  p.  753. 

^  t  Strictly,  tho  geometric  mean  between  the 
limits  should  be  taken. 

1  Journal  de  Phyrnqve,  May,  1894,  and  The 
Meclrician,  vol.  xxxiii.  p.  753. 


The  dots  were  really  small  segments 
of  black  rings  varying  in  angular  width 
from  1  /44,  or  2-27  per  cent,  to  1  /173,  or 
0*58  per  cent  of  the  circumference. 
Eig.  142  represents  such  a  disc  with  dots 
for  0-5,  1-0,  1-5,  and  2*0  per  cent.  He 
used  a  gas  flame  nearly  equal  to  one 
carcel  at  distances  from  1  to  5  metres. 


Fig.  142. 


The  disc  being  spun,  the  dots  appeared 
as  grey  circles.  With  feeble  illumina- 
tion the  fainter  rings  were  not  dis- 
tinguishable. He  noted  the  last  ring 
visible  with  both  eyes  and  with  each 
eye  separately,  and  found  that  with 
both  eyes  the  results  were  added,  or, 
in  other  words,  greater  precision  is 
possible  with  two  eyes  than  with  one. 

I  repeated  these  experiments  in  1894 
or  1895,  and  cut  holes  in  a  white  disc, 
putting  black  velvet  at  a  short  distance 
behind,  thus  securing  a  much  deeper 
black  than  can  be  obtained  by  any 
paint.  There  is  no  record  of  the 
results,  but  I  remember  being  im- 
pressed by  the  importance  of  using  both 
eyes  in  a  natural  manner.  A  draw- 
back to  an  experiment  of  this  kind  is 
that  one  knows  the  position  of  the  almost 
invisible  ring,  and  it  is  difficult  not  to 
be  misled  by  imagination.  The  law 
of  decrease  of  visibility  is  well  confirmed 
by  Mr.  Dow's  results,  and  the  fact  that 
in  the  latter  case  the  precision  was  less 
is  fully  accounted  for  by  the  different 
mode  of  procedure.  A  better,  but 
much  more  tedious  way  than  either 
of  these  would  be  to  make  five  or  six 
sets  of  ten  or  fifteen  ordinary  photo- 
metric comparisons,  and  to  take  the 
mean  difference  from  the  mean  of  the 
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observations  of  each  set,  or  the  pro-  colour  exist  this  becomes  a  matter  of 
bable  error  of  a  single  observation,   some  importance.* 

Koenig  and  Brodhun*  have  made  an  Instrumental  errors. — From  the  fore- 
exhaustive  investigation  into  this  going  account  of  personal  errors  it  is 
matter,  but  their  object  was  to  test  the  evident  that  they  are  largely  beyond 
sensitiveness  of  the  retina  for  acuity,  control ;  they  are  constantly  varying 
notforanordinary  photometric  balance,  even  when  the  conditions  remain  the 
and  they  used  a  diaphragm  smaller  same,  and  their  magnitude  under  any 
than  the  pupil  of  the  eye  to  ehminate  given  set  of  conditions  can  only  be 
the  effect  due  to  the  contraction  of  the  determined  by  investigating  the  devia- 
iris  at  the  brighter  illuminations,  tion  of  a  considerable  number  of  similar 
With  illumination  brighter  than  I  /lO  observations  from  their  mean.  Instru- 
foot-candle  precision  is  lightly  im-  mental  errors,  on  the  other  hand,  are 
proved,  but  M.  Broca  puts  the  maxi-  constant  for  any  given  set  of  conditions, 
mum  at  1/175,  or  0-572  per  cent,  and  Some  of  them  can  be  predicted  by 
Mr.  Dow  at  0"7  per  cent.  Mr.  Dow  simple  calculation,  or  they  can  be 
has  also  investigated  the  relation  controlled  or  reduced ;  and  for  others 
between  acuity  and  illumination.  See  compensations  or  corrections  can  be 
vol.  ii.  p.  238.    Illumination  measure-  made. 

ments  in  ordinary  street  hghting  can  The  most  important  instrumental 
be  made,  as  has  been  stated,!  as  low  errors  in  photometry  have  been  men- 
as  0*005  with  very  fair  precision.  tioned  in  the  section  on  photometers  ; 

When  the  screen  of  a  photometer  is  amongst  them  are  stray  light,  un- 
very  brilhantly  illuminated  it  forms  symmetrical  construction  of  the  photo- 
a  dazzhng  patch  in  a  dark  room,  and  meter  head,  departure  from  the  law  of 
precision  of  measurement  is  difficult,  inverse  squares,  introduction  of  arti- 
though  the  effect  is  due  to  the  black  ^cial  conditions  by  the  use  of  eyepieces 
surroundings,  and  not  to  the  absolute  microscopes,  and  inaccurate  settmg 
illumination.  The  size  of  the  screens,  of  lamps  or  photometer  head  with 
or  their  apparent  size  if  viewed  through  reference  to  the  index  on  the  scale, 
an  eye-piece,  has  a  marked  effect  on  The  setting  of  the  working  lamp  should 
the  error,  and  where  differences  of  be  watched;  the  filaments  of  some 
  glow-lamps  warp  and  may  cause  1  or 

*  See   Liebentha],   Praktische  Photometrie    2  per  cent  error. 

p.  155.  ;  

*  J.  S.  Dow,  Proc.  Phys.  Soc,  London,  vol.  xx., 
t  Vol.  ii.  p.  153.  p.  248. 

{To  he  continued.) 


The  Rating  of  Lamp 

Just  what  plan  should  be  adopted  for 
rating  street  lamps  of  various  types 
only  extended  experience  can  deter- 
mine. There  can  be  no  doubt,  how- 
ever, that  a  rating  based  on  the  initial 
maximum  candle-power  in  a  single 
direction  under  the  best  laboratory 
conditions  is  not  a  fair  one  to  apply 
to  a  type  of  lamp  which  deteriorates 
rapidly  in  service  and  has  a  wide  range 
of  candle-power  in  different  directions 
in  the  vertical  plane.    The  best  criterion 
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is  the  service  rendered,  and  possibly 
a  rating  based  on  the  average  service 
obtained  will  prove  the  most  satis- 
factory in  the  end.  In  any  event, 
it  is  highly  undesirable  to  refer  to  a 
lamp  having  a  mean  spherical  candle- 
power  in  service  of,  say,  30  c.-p.  as  a 
60  c.-p.  lamp,  or  to  designate  as 
1,200  c.-p.  a  lamp  giving  perhaps  half 
that  value  in  spherical  candle-power. — 
Electrical  Worli,  N.Y.,  August  Mh, 
1910. 
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A  Portable  Phosphorescent  Photometer. 

(Notes  on  an  article  by  W.  T.  Vivian  and  G.  W.  Huey  in  The  Electrical  World). 


One  great  difficulty  in  the  design  of 
portable  illumination  photometers  is 
the  choice  of  a  satisfactory  standard 
of  light. 

Flames  are  inconvenient  in  several 
respects.  They  cannot  be  com- 
pletely enclosed  and  boxed  up.  They 
require  a  considerable  amount  of  care 
in  order  to  secure  constant  results  ; 
being  exposed  to  the  air  they  are  liable 
to  be  affected  by  draughts,  &c.  Their 
use  also  prevents  the  instrument  being 
tilted  and  used  in  any  position.  Partly 
for  the  above  reasons  it  is  usually 
accepted  that  the  most  convenient  form 
of  comparison  source  to  use  is  a  small 
glow  lamp  fed  from  an  accumulator. 
An  instrument  equipped  with  a  lamp 
of  this  kind  can  of  course  be  tilted  in 
any  position,  and  the  fact  that  the  lamp 
can  be  packed  away  in  a  small  space 
makes  for  compactness  and  simplicity 
in  the  design.  However,  even  in  this 
case  there  are  difficulties.  There  is  the 
possibility  of  variation  in  candle  power 
owing  to  the  P.D.  of  the  battery 
gradually  falling,  while  the  fact  that 
the  battery  constantly  requires  to  be 
charged  is  also  a  drawback. 

It  is  natural,  therefore,  that  experi- 
menters have  from  time  to  time  tried 
to  avoid  the  use  of  the  ordinary 
sources  of  light  in  illumination  photo- 
meters by  adopting  some  novel  prin- 
ciple. For  example  the  use  of  selenium 
has  often  been  attempted,  but  it  does 
not  seem  to  have  yet  led  to  any  very 
practical  success  in  instruments  of  this 
kind.  A  somewhat  novel  departure, 
however,  is  described  in  an  article  by 
W.  T.  Vivian  and  G.  W.  Huey  in  a 
recent  number  of  The  Electrical  World 
(August  18th).  The  authors  made 
use  of  the  interior  of  the  illumination 
photometer  made  by  Messrs.  Elliott 
Bros.  (London),  })ut  instead  of  the 
usual  glow  lamp  and  accumulator,  sub- 


stituted a  phosphorescent  surface  com- 
posed of  Balman's  paint  (the  chief  con- 
stituent of  which  is  stated  to  be  calcium 
sulphide).  The  brightness  of  this  sur- 
face was  compared  with  that  of  a 
standard  surface  illuminated  by  the 
lamps  under  test. 

The  authors  give  values  for  this 
brightness  of  from  about  0.00005  to 
0.0002  centimetre  -  candle  -  units.  In 
making  measurements  the  light  from 
the  source  tested  was  gradually  reduced 
by  restricting  a  graduated  aperture, 
it  being  assumed  that  the  light 
admitted  was  proportional  to  the  area 
exposed. 

There  were  naturally  many  experi- 
mental difficulties  to  be  overcome  in 
using  this  method.  For  example,  the 
colour  of  the  light  from  the  phosphores- 
cent surface  was  so  peculiar  that  it  was 
necessary  to  introduce  a  blue  glass 
in  the  path  of  the  light  from  the  ex- 
ternal source,  so  as  to  bring  the  tint 
of  both  photometrical  surfaces  into 
agreement. 

This,  however,  by  no  means  ended 
the  difficulties  of  a  phosphorescent 
standard.  In  order  to  give  the  surface 
the  requisite  brightness  it  has  to  be 
exposed  to  a  bright  light  for  a  certain 
period  previous  to  use.  After  this 
light  has  been  withdrawn  the  surface 
continues  to  phosphoresce,  but  it 
appears  that  its  brightness  gradually 
falls  for  a  long  time  afterwards.  For 
example,  the  authors  present  a  curve 
showing  that  it  was  reduced  by  two- 
thirds  in  rather  over  an  hour.  Indeed, 
the  reduction  in  brightness  is  so  pro- 
nounced immediately  after  exposure 
that  it  is  necessary  to  wait  for  some 
time  before  a  condition  steady  enough 
to  make  measurements  can  be  secured. 
But  it  is  suggested  that,  provided 
certain  conditions  are  comphed  with, 
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the  curve  (connecting  brightness  and 
time)  always  follows  a  very  similar 
course  and  can  be  reproduced  with  fair 
exactitude. 

In  using  the  instrument,  therefore, 
it  is  necessary  to  correct  values  obtained 
by  the  aid  of  a  calibration  curve  connect- 
ing the  diminution  in  brightness  with  the 
time  that  has  elapsed  since  exposure. 

It  is  interesting  to  note  that, 
after  a  certain  point,  the  brightness 
is  not  affected  by  the  time  of  exposure. 
This  is  ascribed  to  the  fact  that  the 
film  of  luminous  paint  is  very  thin  and 
is  therefore  entirely  acted  upon  in  a 
very  short  time.  The  brightness  does, 
however,  depend  considerably  upon  the 
intensity  of  the  source  to  which  it  is 
exposed. 

Yet  another  difficulty  to  which  the 
authors  draw  attention  is  the  effect  of 
temperature.  A  rise  of  10  degrees 
sometimes  gives  as  high  an  increase  of 
brightness  as  150  per  cent.  ;  they  there- 


fore adopted  the  plan  of  coating  the 
outside  of  a  metal  receptacle  and  filling 
its  interior  with  chipped  ice  and  water. 
It  was  only  after  providing  a  constant 
temperature  in  this  way  that  consistent 
results  could  be  secured. 

It  will  be  seen,  therefore,  that  the 
experimental  difficulties  in  using 
phosphorescent  materials  are  con- 
siderable. But  pioneering  efforts 
in  this  direction  are  much  to  be 
desired,  and  it  is  possible  that  a  more 
complete  study  of  the  phenomena 
of  phosphorescence  might  eventually 
give  rise  to  results  much  more  hopeful 
from  the  practical  standpoint.  These 
experiments  also  illustrate  the  difficulty 
that  would  be  encountered  in  devising  a 
method  of  artificial  illumination  based 
on  phosphorescent  effects.  Yet  it  has 
been  suggested  that  persistent  investi- 
gation might  eventually  enable  this 
system  to  be  employed  for  the  purpose 
of  illuminating  interiors  in  the  future. 


The  "Smashing  Point''  of  Metallic  Filament  Lamps  and 

its  Value. 


By  An  Engineering  Correspondent. 


A  RECENT  communication  by  F.  H.  R. 
Lavender  before  the  Institution  of 
Electrical  Engineers  contained  par- 
ticulars of  a  number  of  tests  on  metallic 
filament  lamps,  many  of  which  appear 
to  have  given  excellent  results.  In  the 
course  of  the  paper  the  author  showed 
how,  taking  into  account  the  cost  of 
energy  and  the  price  of  a  new  lamp, 
a  certain  point  could  be  specified  at 
which,  theoretically,  it  would  pay  to 
throw  away  a  lamp  and  replace  it  by 
a  new  one.  With  current  at  6d.  a  unit, 
he  suggested,  it  would  apparently  pay 
to  throw  away  lamps  after  their  candle- 
power  had  been  reduced  by  only 
3  per  cent,  corresponding  to  a  life  of 
1,500  hours  ! 

It  was  pointed  out,  that,  how- 
ever interesting  it  might  be  theo- 
retically, it  was  often  very  difficult 
to  apply  the  "  smashing  point  "  system 
in  practice.  Even  in  the  case  of  carbon 
filament  lamps,   when  the  point  is 


fairly  definite,  an  ordinary  consumer 
could  not  apply  the  principle,  since  he 
has  no  ready  method  of  ascertaining 
when  the  candle-power  has  fallen  by 
the  prescribed  amount. 

In  the  case  of  metallic  filament  lamps, 
where  the  "  smashing  point "  seems 
to  be  situated  at  a  point  where  the 
candle-power  has  dropped  only  slightly, 
the  difficulty  is  accentuated.  For  ex- 
ample, it  is  not  easy  even  for  an  expert 
to  be  confident  as  to  the  exact  point 
at  which  a  lamp  has  fallen  3  per  cent, 
and  in  any  case  considerable  per- 
suasion would  be  necessary  to  in- 
duce the  ordinary  consumer  to  throw 
away  his  lamp  when  it  was  apparently 
as  good  as  new.  Practically  the  con- 
clusion to  be  drawn  was  summed  up 
by  Dr.  Sumpner  in  the  advice  to  remove 
a  carbon  lamp  when  it  is  duU,  but  to 
use  a  metallic  filament  lamp  until  it 
gives  way. 

Another  point  that  might  be  empha- 
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sized  is  that,  like  many  other  calcula- 
tions affecting  lighting  problems,  the 
smashing  point  is  based  on  the  assump- 
tion that  our  sole  object  is  to  get  the 
maximum  Hght  per  cost,"  irrespective 
of  how  much  light  we  need.  In  reality 
there  are  always  other  circumstances 
to  be  borne  in  mind.  For  example, 
one  can  never  tell  exactly  how 
much  light  is  needed  for  a  specific 
purpose.  We  can  only  instal  the  unit 
nearest  in  value  to  what  seems  required. 
In  many  cases,  it  may  be  said  that  a  lamp 
still  does  all  that  is  asked  of  it  even  when 
its  hght  has  been  reduced  by  10  per  cent. 
It  would  therefore  be  unwise  from  a 


practical  standpoint  to  abandon  it, 
even  though  it  has  departed  from  the 
most  perfect  theoretically  efficient  con- 
ditions. 

Similar  conditions  limit  the  applica- 
tion of  many  of  the  tables  of  the  relative 
cost  of  different  illuminants.  As  a 
basis  of  comparison  such  tables  have 
a  real  value,  once  their  exact  significance 
is  grasped.  But  naturally  no  such 
figures  can  take  into  account  all  the 
different  factors  which  affect  an  in- 
dividual problem,  and  they  cannot  be 
applied  indiscriminately.  Each  case 
must  be  decided  on  its  merits. 


Ancient  Lights 

An  interesting  case  in  connexion  with 
ancient  fights  recently  came  before  Mr. 
Justice  Parker  in  the  Chancery  Division, 
and  was  reported  in  The  Builder 
(July  30).  Messrs.  Kleinwort,  Son  & 
Co.  desired  an  injunction  against  the 
City  of  London  Real  Property  Com- 
pany, Ltd. 

The  plaintiffs  endeavoured  to  show 
that  the  proposed  building  really  would 
result  in  the  light  in  their  premises 
being  prejudicially  affected,  and  in 
support  of  this  contention  stress  was 
laid  on  the  fact  that  although  the 
plaintiffs  had  already  altered  their 
windows  under  the  advice  of  their 
architects,  the  light,  even  under 
existing  conditions,  was  not  sufficient  ; 
it  would  therefore  be  very  incon- 
venient for  it  to  be  materially  reduced 
by  still  further  obstruction. 

On  the  other  hand,  an  affidavit  was 
presented  by  Mr.  J.  Slater,  F.R.I.B.A., 
who  considered  that  the  proposed 
building  would  not  appreciably  affect 
the  plaintiff's  hght,  and  that  the 
light  th(;y  would  get  would  be  amply 
sufficient  for  their  business. 

Ev(!ntually  his  Lordship  granted  the 
injunction,  holding  that  "where  there 
is  a  substantial  diminution  in  light 
which,  according  to  the  ordinary  stand- 
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ard  of  business  men  in  the  locality  is 
already  not  more  than  sufficient  for 
business  purposes  in  that  locality,  such 
diminution  must  amount  to  a  nuisance 
within  the  meaning  of  recent  decisions." 

Seeing  that  the  measurement  of 
illumination  has  now  reached  such 
a  feasible  stage,  it  seems  surprising  that 
legal  authorities  should  still  be  content 
to  refer  the  question  whether  "  there 
is  enough  light  for  business  purposes  " 
to  local  opinion,  unsupported  by  any 
definite  test. 

One  would  suppose  that  the  most 
obvious  and  definite  evidence  of  all 
in  a  case  of  this  description  would  be  a 
test  of  what  the  illumination  in  different 
parts  of  the  premises  actually  was, 
or  of  the  daylight  coefficient  on  the 
lines  suggested  by  Mr.  P.  J.  Waldram 
and  others.  Once  sufficient  informa- 
tion on  this  subject  had  been  collected 
and  published  there  would  be  available 
a  much  more  substantial  basis  of 
judging  future  cases.  In  short,  it 
may  be  suggested  that  in  the  illu- 
mination -  photometer  a  very  valua- 
able  weapon  is  at  the  disposal  of  persons 
interested  in  ancient  light  questions, 
and  that  the  importance  of  scientific 
treatment  of  the  subject  has  not 
yet  been  properly  appreciated. 
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The  Second  Congres  International  des  Maladies  Professionelles. 


Readers  will  recall  that  in  a  previous 
number  we  summarized  the  pro- 
gramme of  this  important  Congress* 
which  opened  in  Brussels,  under  the 
patronage  of  the  Belgian  Government, 
on  September  10th. 

In  view  of  the  important  precedent 
established  by  the  recognition  of  the 
claims  of  good  illumination  at  this 
influential  Congress,  it  was  decided 
.that  several  members  of  the  Illuminat- 
ing Engineering  Society  should  be 
present  as  official  delegates.  Originally 
the  President,  Professor  S.  P.  Thomp- 
son, the  Hon.  Secretary,  Mr.  L.  Gaster, 
Mr.  R.  J.  WaUis  Jones,  and  Mr.  J.  Eck, 
accepted  to  act  in  this  capacity,  but 
eventually,  at  the  last  moment,  Pro- 
fessor Thompson  and  Mr.  Walli.s 
Jones  wrote  regretting  their  unavoid- 
able absence  and  expressing  wishes 
for  the  success  of  the  visit.  The  other 
two  delegates  participated  in  the  Con- 
gress, and  a  paper  was  read  by  Mr. 
Gaster  dealing  with  '  The  Hygienic 
Aspects  of  Illumination.' 

The  Congress  was  exceedingly  success- 
ful, and  has  already  done  valuable  work. 
Over  600  delegates  from  different 
nations,  many  of  them  representing 
their  respective  Governments,  were 
present,  and  more  than  100  papers  on 
various  subjects  were  presented.  The 
object  of  the  Congress,  it  should  be 
explained,  is  to  deal  with  a  special 
branch  of  medical  and  sanitary  science, 
namely,  industrial  hygiene.  The 
movement  is  only  about  four  years 
old,  the  first  Congress  being 
held  in  1906.  We  understand  that 
the  next  meeting  is  to  take  place 
in  Vienna  in  1914.  It  is  worthy 
of  remark  that,  short  as  is  the  period 
that  has  elapsed  since  the  initia- 
tion of  the  movement,  an  institution 
devoted  specially  to  industrial  hygiene 
has  already  been  erected  and  equipped 
under  the  supervision  of  Dr.  L.  Devoto 
in  Milan.  There  is  also  a  permanent 
Committee  in  existence,  the  President 
being  Senator  Dr.  M.  Crist af oris. 

*  Ilhm.  Eng.,  Feb.,  1910,  p.  88. 


We  cannot  spare  space  here  to 
make  reference  to  the  many  exceed- 
ingly interesting  communications.  One 
subject  which  received  a  considerable 
amount  of  attention  was  the  interpreta- 
tion of  the  term  "  industrial  disease," 
it  being  naturally  no  easy  matter,  in 
many  cases,  to  state  definitely  when 
an  injury  is  the  result  of  the  nature  of 
employment.  Several  of  the  delegates 
also  gave  full  accounts  of  the  nature 
of  the  medical  supervision  in  many 
trades  and  railways  in  this  country 
and  on  the  Continent. 

What,  however,  is  of  chief  interest 
to  readers  of  this  journal  is  the  series 
of  papers  delivered  in  Section  IV.. 
devoted  to  the  eye  and  illumination. 
As  explained  above,  this  Congress 
receives  strong  Governmental  support. 
Many  of  the  delegates  are  themselves 
officials  of  their  respective  Govern- 
ments. Naturally,  therefore,  the  pro- 
ceedings are  of  considerable  interest  to 
all  those  concerned  with  the  future 
legislation  likely  to  be  introduced 
bearing  on  industrial  hygiene.  Hence 
it  is  to  be  regarded  as  a  very  gratifying 
and  important  precedent  for  the  subject 
of  illumination,  in  conjunction  with 
defects  of  eyesight,  to  have  been  made 
the  subject  of  a  special  section. 

The  following  is  an  abstract  of  the 
paper  delivered  by  Mr.  Leon  Gaster  ; — 

THE  HYGIENIC  ASPECTS  OF 
ILLUMINATION. 

Public  attention  has  of  late  years 
been  drawn  to  the  importance  of 
the  hygienic  conditions  under  which 
industries  are  carried  on,  and  the  pre- 
vention of  industrial  maladies.  Good 
ventilation,  good  air,  and  adequate 
sanitation  are  now  regarded  as  essen- 
tial conditions  for  the  preservation  of 
health  of  employees  in  factories  and 
workshops,  and  Good  Illumination,  it 
may  be  suggested,  is  every  whit  as 
vital. 

Moreover,  not  only  the  workman,  but 
also  the  employer,  benefits  by  the  main- 
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tenance  of  good  lighting  conditions, 
for  the  expense  involved  in  making  the 
necessary  improvements  is  usually 
trifling  in  comparison  with  the  better 
quality  and  greater  output  of  work 
which  would  result.  This  is  now  well 
recognized,  and  there  is  a  widespread 
desire  for  more  definite  recommenda- 
tions on  the  subject  of  factory  lighting. 

America  and  the  chief  countries  of 
Europe  have  recently  been  devoting 
special  attention  to  the  matter.  For 
example,  efficient  lighting  is  required 
in  general  by  the  Factory  Acts  of 
France,  Germany,  Switzerland,  and  the 
United  States.  In  Holland  the  em- 
ployment of  women  and  young  children 
is  even  forbidden  in  works  in  which 
artificial  lighting  is  normally  required 
between  9  a.m.  and  3  p.m.  In  addition, 
an  illumination  of  about  1*5  foot- 
candles  is  specified  as  the  minimum 
for  certain  processes  exceptionally  try- 
ing to  the  eyes,  such  as  embroidery,  en- 
graving, jewellery,  draughtsmanship, 
knitting,  quilting,  &c.,  and  a  mini- 
mum of  1  foot-candle  in  other  less 
exacting  occupations.  Moreover,  it  is 
stated  that  a  special  bill  relating  to 
the  control  of  industrial  lighting 
generally  is  also  being  prepared  for 
introduction  into  the  New  York  State 
Legislature. 

There  is,  therefore,  good  precedent 
for  the  view  taken  by  the  Home  Office 
in  this  country  as  to  the  importance  of 
this  matter.  H.M.  Chief  Inspector  of 
Factories  in  Great  Britain,  in  his 
annual  report  for  1909,  laid  special 
stress  on  the  need  for  good  lighting 
conditions.*  In  one  respect  the  new 
sources  of  light  are  notably  different 
from  the  lamps  they  are  superseding. 
The  "  intrinsic  brilliancy  "  or  "  candle- 
power  per  square  inch  "  is  much  greater, 
and  the  lights  are  therefore  apt,  if 
misused,  to  be  dazzling  to  the  eye.  For 
this  reason  it  is  most  essential  to 
arrange  the  sources  wisely,  so  as  to 
avoid  any  tendency  to  glare.  Much 
insistence  has  been  placed  on  the 
desirability  of  establishing  a  minimum 
permissible  illumination,  but  the  posi- 
tion of  the  sources  is  at  least  equally 
important. 

*  See  Ilium.  Ena..  Lond.,  vol.  iii.,  August, 
lUlO,  p.  m. 


Again,  there  are  many  industrial 
processes,  such  as  those  which  take 
place  in  lamp  factories,  glass  and  iron 
works,  welding  operations,  &c.,  where 
worker's  may  be  exposed  to  the  rays  of 
these  bright  illuminants,  and  proper 
methods  of  protection  are  most  impor- 
tant. But  it  has  been  suggested  that 
it  is  not  only  the  intrinsic  brilliancy 
that  is  harmful.  Dr.  Stockhausen  and 
others  have  laid  stress  on  the  effect  on 
the  eyes  of  the  ultra-violet  invisible  rays, 
and  attributed  the  severe  inflammation 
following  incautious  exposure  to  power- 
ful lights  to  this  cause  ;  this  question 
requires  further  examination  before 
definite  recommendations  can  be  made. 

Yet  another  aspect  of  the  subject 
which  deserves  to  be  emphasized  is  the 
tendency  of  bad  conditions  of  illumina- 
tion to  lead  to  accidents.  Naturally 
mishaps  are  more  apt  to  occur  when 
the  machinery  cannot  be  clearly  seen, 
and  it  is  to  be  noted  that  the  Fidelity 
and  Casualty  Co.,  of  New  York,  in 
a  recent  report  placed  defective  light- 
ing first  in  the  list  of  causes  of  accident. 

It  may  be  added  that  international 
co-operation  is  very  desirable  in  order 
to  secure  general  agreement  as  to 
methods  of  measuring  and  expressing 
illumination. 

This  furnishes  one  more  illustration 
of  the  need  for  co-operation  between 
engineers,  architects,  and  the  medical 
profession.  The  engineer  ought  to  bear 
in  mind  the  views  of  the  oculist,  school 
and  factory  inspectors,  medical  officers 
of  health,  &c.,  as  to  what  constitutes 
hygienic  illumination.  They  in  turn 
could  benefit  by  the  methods  of  precise 
measurement  contrived  by  the  lighting 
engineer. 

The  Illuminating  Engineering  Society 
was  formed  in  London  last  year  with 
the  object  of  bringing  together  these 
different  experts  and  providing  for 
the  collection  of  the  needed  data  on  the 
subject. 

In  order  to  facilitate  the  exchange  of 
views  of  experts  of  different  nations 
on  these  matters,  the  Illuminating 
Engineering  Society  has  also  been 
organized  on  an  international  basis,  and 
has  among  its  corresponding  members 
authoiities  in  different  parts  of  the 
world. 
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ILLUMINATION  AND  THE  EYE. 

A  very  valuable  and  exhaustive  paper 
was  also  presented  by  Dr.  A.  Broca, 
dealing  mainly  with  the  physiological 
aspects  of  illumination  and  the  pecu- 
liarities of  the  eye. 

Dr.  Broca,  whose  recent  paper  on  this 
subject,  in  conjunction  with  M.  La- 
porte,  will  be  recalled  by  our  readers,* 
began  by  laying  stress  on  the  fact 
that  all  our  impressions  regarding 
surroundings  are  received  through  the 
eye  ;  any  complete  study  of  problems 
in  illumination  must  therefore  start  with 
the  consideration  of  this  organ. 

Brightness. — Dr.  Broca  had  also  much 
to  say  on  the  subject  of  "  brightness." 
He  pointed  out  that  in  the  ordinary 
course  of  things  the  apparent  bright- 
ness of  a  surface  appears  constant  as 
the  distance  of  the  eye  is  increased  ; 
this  is  because  the  total  amount  of 
light  entering  the  eye,  and  the  size  of  the 
image,  are  both  reduced  together 
according  to  the  inverse  square  law. 
However,  we  must  also  bear  in  mind 
another  factor,  namely,  the  fact  that  the 
apparent  brightness  of  a  surface  de- 
pends to  some  extent  upon  the  portion 
of  the  retina  on  which  it  is  received. 
A  special  case  is  represented  by  very 
minute  luminous  objects,  small  enough 
to  fall  within  the  area  occupied  by 
a  single  cone.  In  this  case  the  eye 
seems  to  draw  its  conclusion  from  the 
total  amounst  of  light  falhng  on  the 
cone  and  not  from  the  intrinsic  brilliancy 
of  the  image  ;  therefore  a  different 
law  prevails.  This  may  help  to  explain 
why  the  intrinsic  brilliancy  of  a  thin 
incandescent  metallic  filament  tends 
to  appear  less  than,  on  theoretical 
grounds,  we  should  expect  it  to  be. 

Glare  and  the  Pupil  Apertures  of  the 
Eye. — Dr.  Broca  also  gives  a  list  of  the 
intrinsic  brilliancies  of  various  com- 
mon sources,  similar  to  the  data  given 
by  Dr.  K.  Stockhausen  and  others  in 
these  columns. 

He  lays  great  stress  on  the  incon- 
venient results  of  bright  lamps  in  the 
field  of  view.  The  well-known  effect 
of  lamps  so  placed  is  to  cause  the  pupil 
aperture  to  contract,  with  the  result 
that  the  luminosity  of  other  moderately 

*  Ulum.  Eng.,  vol.  i.,  1908,  p.  947, 


bright  surfaces  is  enormously  reduced, 
and  they  appear  very  dark  and  indis- 
tinguishable in  comparison  with  the 
source  from  which  their  brightness  is 
derived  ;  indeed,  for  this  reason  a 
bright  lamp  placed  between  the  ob- 
server's eye  and  the  object  illuminated 
may  even  render  it  impossible  to  dis- 
tinguish the  latter  at  all.  The  following, 
for  example,  represents  the  contraction 
of  the  pupil,  and  the  resulting  loss  of 
illumination,  caused  by  placing  various 
sources  in  the  direct  range  of  vision  : — 

Punil  Fraction 

No  source  in  the  field  of  view   12mm  1 
(normal) 

Incandescent  Lamp  or  Flame     8  0*43 

Mercury  Lamp   6-8  0-32 

Arc  Lamp  in  globe   6-7  0-25-0-34 

Naked  Arc  Lamp   5-7  0-225 

It  will  readily  be  seen,  therefore, 
that  the  apparent  gain  in  illumina- 
tion following  the  use  of  a  naked  arc 
is  soon  lost,  owing  to  the  fact  that  it 
causes  a  marked  contraction  of  the 
pupil  ;  so  that,  apart  from  its  incon- 
venience to  eyesight,  the  use  of  very 
bright  sources  in  the  direct  line  of  sight 
is  not  even  economical. 

Luminous  E-fJiciency. — Dr.  Broca  also 
gave  a  summary  of  the  chief  phenomena 
in  radiation  as  affects  the  efficiency  of 
sources  of  light.  In  this  connexion  he 
gave  the  following  list  of  figures,  which 
may  be  added  to  the  already  con- 
siderable data  bearing  on  the  subject  : — 

Source.  Efficiency. 

Per  cent. 

Oil  Lamp    2-5 

Gas  Burner    2*5 

Incandescent  Burner   5    to  C 

Arc  Lamp    10   to  16 

Acetylene    10 

Geissler  Tube    83 

Mercury  Lamp   40 

Acuteness  of  Vision  and  Illumina- 
tion.— A  series  of  tests  on  the  effect  of 
illumination  on  visual  acuity  have  been 
published  by  MM.  Broca  and  Laporte 
[loc.  cit.).  As  explained  above,  the 
usual  effect  of  a  bright  light  in  the  field 
of  view  is  to  decrease  the  effective 
illumination  and  so  to  render  it  difficult 
to  see  detail.  Yet,  Dr.  Broca  has  found, 
such  a  light  may  occasionally  have  the 
opposite  effect,  especially  if  the  illu- 
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mination  on  the  detail  vie^A  ed  is  very 
high,  so  that  the  loss  in  brightness 
caused  by  pupillary  contraction  is 
not  of  very  serious  consequence. 
For  this  contraction  is  equivalent  to 
stopping  down  the  lens.  It  may  there- 
fore enable  fine  detail  to  appear  more 
distinct  to  a  shortsighted  eye,  just  as  a 
stopped  camera  lens,  while  reducing 
the  brightness,  makes  the  image 
sharper.  However,  Dr.  Broca  goes 
on  to  point  out  that  though  an  improve- 
ment in  visual  acuity  may  conceivably 
be  attained  by  this  means,  the  effect  is 
apt  to  be  very  fatiguing  to  the  eye,  and 
the  practice  is  not  to  be  encouraged. 

What  should  be  the  minimum  per- 
missible Illumination  for  Beading  ? — 
An  interesting  point  is  also  raised 
regarding  the  cause  of  short  sight. 
It  is  pointed  out  that  this  defect  is 
often  the  result  of  poring  over  books 
at  too  close  range.  But  why  do 
children  get  into  this  habit  ?  Dr.  Broca 
suggests  that  the  habit  is  less  liable 
to  be  contracted  when  daylight  is 
utilized,  because  the  illumination  is 
then  in  general  so  high  that  the  book 
can  easily  be  read  at  a  distance  of  several 
feet.  But  an  illumination  of  one  foot- 
candle,  such  as  prevails  in  artificially 
hghted  rooms,  while  enabhng  a  person 
to  read  with  comfort  at  close  range, 
does  not  permit  reading  at  a  con- 
siderable distance  ;  this  naturally  leads 
a  reader  to  bring  his  book  close  to  the 
eyes.  In  support  of  this  suggestion 
Dr.  Broca  presents  the  following  figures 
showing  the  distances  at  which  a  page 
of  print  could  be  read  with  various 
orders  of  illumination  : — 


Illumination  (Lux) 

Limiting  Distance  of  Reading 
(centimetres). 

Type  No.  11. 

Type  No.  P. 

1 

80 

70 

2 

105 

85 

10 

145 

130 

30 

160 

140 

100 

180 

145 

Dr.  Broca  therefore  suggests  that 
it  would  be  preferable  to  increase  the 
permissibk;  illumination  up  to  30  to 
40  lux  (approx.  3  to  4  foot-candk>s), 
and  so  to  reduce  the  tendency  to  close 
nadirig  and  its  attendant  evils. 


Intensity/  of  Illumination  in  General 
Lighting. — In  a  subsequent  part  of  the 
paper  Dr.  Broca  deals  with  the  order  of 
illumination  that  ought  to  be  aimed 
at  in  the  streets.  The  actual  horizontal 
illumination  outdoors  ought  not,  he 
suggests,  ever  to  be  less  than  1  lux. 
Under  these  conditions  visual  acuity  is 
still  about  0'6  to  0*7  times  that  at 
normal  illuminations.  Now  experience 
has  shown  that  a  man  whose  visual 
acuity  was  as  low  as  0*1  could,  never- 
theless, guide  himself  in  the  streets 
(slowly  and  painfully  it  is  true,  but 
apparently  with  safety). 

Regarding  the  permissible  brightness 
of  objects  in  the  field  of  view  he  is  of 
opinion  that  the  oft-quoted  figure  of 
Dr.  L.  Bell,  about  0'77  candles  per 
square  cm.,  is  still  too  high,  and  he 
prefers  a  figure  not  above  0*2  candles 
per  sq.  cm.  {i.e.,  rather  over  1  c.  p. 
per  sq.  in.). 

Dr.  Broca  also  points  out  how  the 
standard  of  illumination  has  become 
modified  of  recent  years.  At  one  time 
the  illumination  in  the  Paris  Post 
Office  was  only  7  lux,  which  was 
apparently  deemed  sufficient.  Since 
1892  the  value  has  been  raised  to 
between  15  and  20  lux.  The  ideal 
system  for  most  close  work,  it  is  sug- 
gested, would  be  a  moderate  general 
illumination  supplemented  by  a  local 
illumination  from  a  well-shaded  lamp 
of  about  8  to  10  lux  extra. 

THE  NEED  FOR  EXACT  DATA  ON 
FACTORY  LIGHTING. 

A  very  interesting  paper  was  read 
by  M.  Francesco  Massarelli  dealing 
with  the  requirements  of  illumination 
in  factories.  This,  he  points  out,  is 
a  matter  of  considerable  consequence 
to  insurance  companies,  especially  when 
they  devote  special  attention  to  acci- 
dents, of  which  defective  conditions  of 
lighting  constitute  a  frequent  cause. 

M.  MassarelH  points  out  that  the 
legislation  and  recommendations  on  the 
subject  are  too  vague  to  be  of  real 
practical  service.  It  is  usually  enacted, 
for  example,  that  the  illumination 
must  be  "  sufficient  "  ;  but  who  is  to 
decide  exactly  what  is  meant  by  this 
provision  ?  And  what  constitutes 
"  sufficient  "  lighting  ?  Owing  to  their 
vagueness  such  recommendations  come 
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to  b3  practically  dead  letters  to  the 
technical  man.  As  an  illustration 
of  this  point  M.  Massarelli  refers  to  the 
variations  of  daylight  illumination. 
Granted  that  certain  conditions  with 
regard  to  the  acoess  of  daylight  to  a 
workshop  have  been  complied  with, 
it  must  still  be  recognized  that 
enormous  variations  of  daylight  take 
place  during  different  parts  of  the  same 
day  and  in  different  seasons  of  the 
year.  Clearly,  therefore,  however  ex- 
cellent the  facilities  for  the  admission 
of  light,  the  illumination  cannot 
always  come  up  to  the  standard  of 
being  "  sufficient." 

As  regards  artificial  lighting  the 
chief  conditions  to  be  complied  with 
are  steadiness,  absence  of  glare,  suffi- 
ciency, and  good  colour.  In  this  con- 
nexion M.  Massarelli  makes  a  brief 
survey  of  the  existing  methods  of 
lighting  available.  He  refers  to  the 
work  of  Cohn,  who  specified  10  lux 
as  a  permissible  minimum.  It  is 
particularly  interesting  to  notice  his 
statement  that  among  manufacturers 
avoidance  of  accidents  is  one  of  the 
main  motives  in  inducing  them  to 
adopt  good  illumination. 

There  are,  of  course,  many  physio- 
logical questions  still  to  be  settled. 
It  may  be  asked,  for  example,  how  much 
light  is  needed  from  the  hygienic  point 
of  view — quite  apart  from  that  needed 
to  execute  a  certain  class  of  work  ? 
We  cannot  do  better  than  summarize 
the  author's  concluding  words  on  this 
matter.  ''Apart  from  the  well-known 
injury  due  to  exposure  to  intensely 
bright  fights,  we  still  know  nothing 
definite  as  to  the  effects  of  the  ordinary 
artificial  illuminants  on  health.  It  is 
to  be  hoped  thut  scientists  and  experts 
on  hygiene  will  one  day  succeed  in 
furnishing  us  with  definite  methods  of 
ascertaining  whether  any  system  of 
illumination  is  to  be  considered  satis- 
factory or  reverse.  Meantime  engi- 
neers and  technical  men  await  their 
verdict." 

RATIONAL  METHODS  OF  LIGHTING  AND 
SUPERVISION  OF  INDUSTRIAL  LIGHTING. 

Another  paper  dealing  with  factory 
lighting  was  presented  by  Dr.  F. 
Terrien  (Paris),  who  remarked  upon  the 


singular  fact  that  amid  general  ques- 
tions of  hygiene  the  effects  of  lighting 
on  eyesight  rarely  receive  sufficient 
attention.  In  the  legislation  on  the 
subject  one  almost  invariably  finds 
that  recommendations  on  illumination 
are  confined  to  questions  connected 
with  the  danger  of  fire  from  certain 
varieties  of  lamps,  &c. 

The  permissible  minimum  illumina- 
tion does  not  seem  to  have  been  ascer- 
tained with  sufficient  precision  as  yet. 
What,  however,  is  badly  needed  is  some 
means  of  readily  ascertaining  when  the 
eye  has  become  fatigued  by  exposure  to 
light.  One  method,  due  to  Katz,  con- 
sists in  observing  the  number  of  times 
the  eye  winks  per  minute,  the  idea  being 
that  as  the  eye  becomes  fatigued  this 
rate  increases.  (Another  method,  sug- 
gested by  Dr.  N.  Bishop  Harman,  was 
described  in  our  last  number,  p.  558). 

Like  M.  Massarelli,  Dr.  Terrien  refers 
to  the  value  of  prismatic  glass  in 
windows  as  a  means  of  increasing  the 
illumination.  Window  shades  are  often 
of  service,  but  the  colour  requires  atten- 
tion ;  in  this  connexion  it  is  men- 
tioned that  the  employees  of  the 
Societe  Industrelle  des  Telephones  once 
remonstrated  against  the  use  of  blue 
blinds  on  the  ground  that  it  affected 
their  eyes. 

As  regards  school  fighting  the  con- 
sensus of  opinion  seems  to  be  in  favour 
of  light  coming  from  the  left  hand  of  the 
scholar,  though  the  view  has  also  been 
taken  that  a  general  diffused  illumina- 
tion is  also  satisfactory.  A  curious 
fact,  pointed  out  by  this  speaker,  is 
that  a  mixture  of  dayfight  and  artificial 
light  almost  invariably  seems  to  be 
unsatisfactory,  but  the  reason  for  this 
is  not  quite  clear. 

As  regards  artificial  illumination,  the 
chief  point  to  be  observed  is  the  screen- 
ing of  the  eye  from  direct  rays.  The 
suggestion  has  been  put  forward  that 
the  minimum  illumination  should  be 
about  10  to  15  lux.  This  has  been 
specified  in  the  legislation  of  Holland, 
and  the  Conseil  d'Hygiene  in  Paris 
have  been  considering  a  similar  recom- 
mendation. For  fine  work,  however, 
as  much  as  25  lux  is  needed.  Regard- 
ing the  question  of  the  distribution  of 
light  Dr.  Terrien  like  Dr.  Broca,  takes 
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the  view  that  an  ideal  system  would  be 
the  provision  of  a  good  diffused  general 
illumination  supplemented  by  stronger 
local  lighting. 

GENERAL  CONCLUSIONS. 

The  papers  briefly  summarized  above 
were  listened  to  with  considerable 
interest  by  those  present.  It  was 
adv  ocated  that  the  Congress  should  pay 
increased  attention  to  the  subject  of 
illumination  with  a  view  to  collecting 
information  previous  to  the  next 
meeting.  The  occupations  of  many 
of  the  delegates,  who  are  constantly 
engaged  in  the  examination  of  the 
hygienic  conditions  of  factories  in  their 
respective  countries  would  doubtless 
enable  them  to  render  very  material 
assistance  to  the  cause  of  illumination 
in  this  way.  The  President,  in  summing 
up  the  discussion  on  this  matter, 
specially  emphasized  the  general  agree- 
ment between  the  speakers  that  it  was 
desirable  to  specify  a  minimum  per- 
missible illumination  for  factories  and 
workshops,  and  the  discussion  also 
revealed  a  strong  feeling  that  the 
correct  placing  of  lights,  so  as  not  to 
interfere  with  eyesight,  should  be 
emphasized. 

OTHER  PAPERS  OFJNTEREST. 

Unfortunately  space  does  not  allow 
us  to  comment  in  any  detail  upon  the 
many  other  interesting  papers  pre- 
sented on  this  occasion.  Many  of  them 
dealt  with  matters  of  direct  interest  in 
connexion  with  factory  lighting.  Thus 
Mr.  A.  Glen  Park  explained  how,  in 
issuing  certificates  of  jfitness  in  the 
cotton  trade,  in  certain  departments 
special  stress  was  laid  upon  the  necessity 
for  perfect  sight  on  the  part  of  the  opera- 
tor, the  work  in  such  sections  as 
knitting,  carding,  &c.,  being  admittedly 
very  exacting  and  tiring  to  the  eyes. 
In  such  cases  the  importance  of  good 
illumination  is  evident,  since  it  should 
serve  to  minimize  the  strain  and  the 
difficulty  of  distinguishing  fine  detail. 

Dr.  C.  Gallenga  (Italy)  also  pointed 
to  the  tendency  towards  shortsighted- 
ness among  the  apprentices  in  certain 


trades  in  which  close  vision  was 
required. 

Another  interesting  point  was  the 
tendency  to  "  nystagmus,"  a  nervous 
affection  of  the  eyes,  on  the  part  of 
miners.  It  was  suggested  by  some 
of  the  speakers  that  this  was  due  not 
only  to  the  peculiar  attitudes  in  which 
men  often  had  to  work,  but  also  to 
the  prevailing  deficiencies  in  illumina- 
tion and  the  contrast  between  the 
brightness  of  the  daylight  outside  and 
the  sombreness  of  the  surroundings  in 
the  mine. 

Yet  another  item  of  interest  was  the 
account  given  by  Dr.  W.  Robinson  of 
researches  on  the  cataract  of  glass- 
workers.  It  will  be  recalled  that  there 
has  been  a  suggestion  that  this  defect  of 
vision  is  caused  by  the  emission  of 
ultra-violet  rays  from  the  glowing 
glass.  It  appears,  however,  that  while 
it  is  very  possible  that  the  radiation 
from  the  molten  material  is  largely 
responsible,  it  has  not  yet  been  definitely 
decided  whether  it  is  the  ultra-violet  or 
the  heat  radiation  that  is  to  be  feared. 

It  may  be  added  that  this  country 
was  well  represented  at  the  Congress, 
about  20  per  cent  of  the  papers  being 
submitted  by  British  delegates.  Dr. 
T.  M.  Legge,  of  the  Factory  Depart- 
ment of  the  Home  Office,  who  was 
largely  instrumental  in  arousing  interest 
in  the  Congress  in  this  country,  delivered 
papers  dealing  with  lead  poisoning  and 
the  Workmen's  Compensation  Act,  and 
a  paper  of  exceptional  interest  was  read 
by  Dr.  R.  J.  Collie  on  the  same  subject. 

In  conclusion,  reference  should  be 
made  to  the  interesting  series  of  visits 
and  other  attractive  features  on  the 
entertainment  programme,  and  to  the 
able  and  skiKul  guidance  of  the  dis- 
cussions by  the  distinguished  President 
Dr.  A.  Moeller.  The  success  of  the 
congress  was  also  in  no  small  measure 
due  to  the  efforts  of  the  permanent 
staff  and  the  General  Secretary  Dr.  D. 
Gilbert;  and  lastly,  we  must  not  omit  to 
mention  the  lucid  translations  by  Dr. 
Rene  Sand,  which  were  a  feature  of 
many  of  these  polyglot  discussions. 
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The  Twenty-fifth  Congress  of  the  Royal  Sanitary  Institute, 


(Held  in  Brighton,  September  5th  to  10th,  1910). 


Some  Features  of  Interest  in  connexion  with  Illumination. 


The  twenty-fifth  Congress  of  the 
Royal  Sanitary  Institute  was  held  last 
month  in  Brighton,  a  town  whose  record 
as  a  health  resort  perhaps  rendered  it 
specially  appropriate  as  a  meeting  place 
for  the  Institute. 

The  congress  was  formally  opened  on 
Monday,  September  5th,  and  a  welcome 
extended  by  the  Mayor,  who  made 
graceful  reference  to  the  record  of  the 
Institute  since  its  foundation  in  1876, 
and  laid  stress  on  its  services  in  pro- 
moting attention  to  personal  cleanli- 
ness, sunshine,  and  fresh  air  as  a  means 
of  combating  disease. 

The  Health  Exhibition. 

In  the  Health  Exhibition,  held  in 
the  Dome  and  Corn  Exchange,  a  series 
of  exhibits,  dealing  chiefly  with  sanitary 
appliances,  were  set  out  in  an  interesting 
and  attractive  manner.  Illuminating 
apparatus,  however,  was  not  represented 
as  fully  as  might  be  desired,  the  only 
exhibit  of  this  nature  being  that  of  the 
local  electricity  supply  company.  We 
have  no  doubt,  however,  that  in  time 
to  come  more  exhibits  connected  with 
the  use  and  measurement  of  light 
will  make  their  appearance. 

Meantime  it  is  gratifying  to  note  that 
apart  from  incidental  references  to 
the  subject  of  illumination  in  a  number 
of  papers  presented  at  this  congress,  a 
precedent  was  set  in  the  paper  by 
Mr.  J.  Darch,  F.S. I.,  himself  a  member 
both  of  the  Institute  and  of  the  Illu- 
minating Engineering  Society.  With 
this  paper  we  deal  later. 

Decorative  Types  of  Chandeliers 
AND  Fixtures. 
However,  the  rooms  in  which  the 
meetings  were  held  themselves  offered 
points  of  considerable  interest  in  con- 
nection with  illumination.  Visitors  to 
Brighton  will  recall  that  the  interior  of 
the  Grand  Pavilion  is  decorated  in 


accordance  with  Chinese  design,  and 
many  of  the  vast  chandeliers  are  most 
striking  and  original.  In  Fig.  I,  for 
example,  will  be  seen  an  immense 
chandelier  in  which  the  ground  glass 
imitation  Chinese  lilies  are  utilized,  and 


Fig.  L — Central  Chandelier  in  the  Banqueting 
Koom,  Ro3'al  Pavilion,  Brighton. 

the  inevitable  dragon  is  to  be  seen 
crawling  round  the  top.  Several  other 
similar  fixtures  will  be  seen  in  Fig.  2. 
The  illustrations,  however,  can  give  no 
adequate  idea  of  the  striking  colouring 
of  many  of  these  objects.  In  Fig.  3 
is  shown  yet  another  feature,  the  illu- 
mination of  the  main  corridor  with 
Oriental  lanterns.  In  one  respect,  at 
least — the  softness  of  the  prevaihng 
illumination  and  absence  of  glaring 
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qualities — this  last  scheme  is  worthy 
of  special  notice  and  imitation.  The 
lanterns  are  of  a  distinctly  original 
design,  and  the  general  effect  is  quaint 
and  unusual.  Here  again  the  illustra- 
tion hardly  does  justice  to  the  general 
effect,  as  it  fails  to  give  an  impression 
of  the  colours. 

All  these  fixtures  are  interesting  as 
examples  of  the  use  of  sources  of  light, 
surrounded  by  appropriate  shades  and 
lanterns,  for  a  purely  decorative  object, 
quite  apart  from  their  function  of 
creating  brightness.  It  will  probably 
be  admitted  that  in  order  to  be  effective 
from  the  artistic  standpoint,  objects  of 
this  kind  must  "  stand  out,"  but  must 


The  Inaugural  Address. 

Mention  should  next  be  made  of  the 
Inaugural  Address  of  the  Hon.  Sir  John 
Cockburn,  K.C.M.G.,  M.D.,  which  has 
been  very  fully  reported  in  the  press. 

The  address  covered  a  wide  range  of 
problems  in  sanitary  science.  Attention 
was  drawn  to  the  extraordinary  develop- 
ment of  public  interest  in  this  country 
in  these  matters,  more  remarkable 
perhaps  than  at  any  period  since  the 
days  of  the  formulation  of  the  Mosaic 
law.  For  this  progress  the  Royal 
Sanitary  Institute  was  largely  respon- 
sible, and  the  valuable  Congress  on 
School  Hygiene,  which  had  recently 
taken  place  in  London,  was  promoted. 


Fig.  2.— Chandeliers  in  the  Music  Koom,  Royal  Pavilion,  Brighton. 


not  be  bright  enough  to  cause  physical 
distress;  in  other  words,  there  must 
be  a  minimum  of  glare. 

Joint  Visit  to  Gas  and  Electricity 
Works. 

One  feature  of  the  entertainments 
deserves  passing  reference.  On  Tues- 
day, September  6th,  the  members  paid 
a  visit  to  the  local  Gas  and  Electricity 
Supply  Works ,  being  received  in  each  case 
by  the  engineer.  Thus  was  furnished  an 
example  not  only  of  the  impartial 
study  of  both  methods  of  lighting,  but 
also  of  the  desire  of  the  medical  and 
sanitary  profession  to  know  something 
of  tii(!  more  purely  engineering  aspects 
of  light-production. 


to  a  great  extent,  by  their  efforts. 
Some  practical  examples  were  men- 
tioned of  the  need  for  more  precise 
recommendations  on  the  subject  of 
ventilation.  The  spectre  of  consump- 
tion, the  speaker  added,  was  already 
shrinking  before  the  combined  on- 
slaught of  abundant  light  and  fresh  air  ; 
and  the  promotion  of  open  spaces  and 
garden  cities  was  an  illustration  of  the 
importance  now  attached  to  these  two 
commodities.  Allusion  was  also  made 
to  several  respects  in  which  the  opera- 
tions carried  out  in  barber's  shops 
might  be  rendered  more  satisfactory 
from  the  health  standpoint.  Sir  John 
Cockburn  also  commended  the  work 
of  the  Women's  Imperial  Health  Mission, 
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an  interesting  feature  of  which  carried 
out  the  process  of  education  through  the 
eye  by  the  use  of  cinematographic 
exhibitions  of  the  right  method  of 
carrying  out  various  domestic  processes. 

The  Work  of  the  School  Medical 
Officer. 

Conditions  of  space  prevent  our 
making  lengthy  reference  to  the  large 
number  of  papers  of  interest  presented 
on  this  occasion.  Yet  we  should  like 
to  make  some  reference  to  two  contribu- 
tions, both  deahng  with  the  work  of  the 
School  Medical  Officer,  by  Dr.  H. 
Handford,  M.D.,  F.R.C.P.,  and  Dr. 
A.  J.  L.  A.  Parry,  M.D.,  B.S.,  F.R.C.P., 
respectively. 


Dr.  Handford  quotes  from  the  code 
of  the  Board  of  Education  in  which 
it  is  clearly  stated  that  "  the  school 
medical  officer  will  observe  and  report 
instances  of  bad  positions  in  sitting 
and  unsuitable  design  of  desks  and 
benches.  As  regards  cases  of  defective 
eyesight,  he  will  indicate  such  measures 
as  can  be  taken  to  remedy  or  mitigate 
the  defects  by  altering  the  position  of 
the  children  in  the  class,  or  improving 
the  Hghting  of  the  school  in  amount  or 
direction  ;  and  he  will  call  attention 
to  the  strain  imposed  on  eyesight  by 
the  use  of  too  small  type  in  textbooks, 
the  teaching  of  fine  sewing,  &c." 

There  can,  therefore,  be  no  doubt  of 


Fig.  3.— Mala  Corridor,  Eoyal  Pavilion,  Bright( 
In  the  former  paper  the  primary 
duty  of  the  school  officer  was  stated 
to  be  "  to  prevent  the  condition  of  the 
schools  being  a  source  of  injury  to  the 
health  of  the  children."  His  work 
consists,  therefore,  of  two  main  sections. 
He  must  examine  the  state  of  health 
of  the  children,  and  he  must  also  examine 
and  analyse  the  conditions  responsible 
for  such  defects.  Of  main  interest  to 
us  in  this  connexion  is  the  examination 
of  eyesight  and  conditions  of  illumina- 
tion. It  would  be  interesting  to  have 
fuller  particulars  as  to  the  manner  in 
which  this  last  subject  is  studied  and  the 
steps  taken  to  correlate  the  results  of 
both  lines  of  investigation. 


□  ,  showing  Illumination  by  Oriental  Lanterns, 
the  explicit  instructions  of  the  Board  of 
Education  as  regards  lighting. 

"  Had  education  authorities  in  the 
past  availed  themselves  of  the  advice  of 
expert  medical  officers  of  health,"  Dr. 
Handford  proceeds,  "  it  would  not  have 
been  possible  to  find  so  many  schools 
with  the  whole  or  the  majority  of  the 
windows  still  j&lled  with  opaque  glass, 
giving  a  most  depressing  prison-hke 
appearance  to  the  rooms,  and  so 
diminishing  the  light  during  a  large 
portion  of  the  year  that  the  eyesight 
of  the  children  is  seriously  injured." 

Another  difficulty  in  the  lighting  of 
schools  arises  from  the  fact  that  an 
arrangement  of  the  desks  enabhng  the 
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light  to  come  from  the  right  direction 
may  be  somewhat  inconvenient  for  the 
teacher. 

Stress  was  laid  on  the  same  point  by 
Dr.  L.  A.  Parry,  who  remarked  : — 

"  The  natural  lighting  of  many  class 
rooms  is  bad  ;  sometimes  the  light 
entering  is  not  utihzed  properly,  the 
the  correct  arrangement  of  desks  in 
relation  to  light  being  said  to  inter- 
fere Avith  teaching  facilities.  I  con- 
sider the  eyesight  of  the  children  is  of 
vastly  greater  importance  than  any 
slight  inconvenience  in  teaching  arrange- 
ments." However,  an  arrangement  to 
give  satisfaction  in  both  respects  should 
not  be  impossible. 

In  conclusion,  reference  was  made  to 
defects  of  vision  ;  13.5  per  cent,  of 
boys  and  16.6  of  girls  proved  to  have 
defective  sight — i.e.,  acuteness  of  vision 
less  than  6/12. 

The  Eye  as  it  Affects  Practical 
Illumination. 

Later  in  the  day  a  paper  was  read 
in  abstract  by  Mr.  J.  Darch,  F.S.I. , 
entitled  "  The  Eye  as  it  Affects  Practical 
Illumination." 

Mr.  Darch  commenced  his  paper  by 
pointing  out  that  the  question  of  lighting 
was  in  many  respects  a  physiological 
problem — and  therefore  of  direct  in- 
terest to  sanitary  engineers  and 
the  medical  profession.  In  designing 
any  installation  one  must  bear  in  mind 
that  the  impression  of  the  surroundings 
is  derived  through  the  eye,  a  physiologi- 
cal organ  which  has  been  developed 
to  comply  with  certain  fixed  con- 
ditions, and  the  course  of  evolution  of 
which  has  been  largely  determined  by 
its  exposure  to  natural  light— day- 
light. 

As  a  result  one  found  that  the  eye  had 
been  develpped  so  as  to  utilise  light 
from  above  ;  therefore  brilliant  lights 
placed  low  down  in  the  field  of  vision 
must  be  considered  abnormal  and 
injurious.  There  are  certain  quahties 
in  dayHght,  Mr.  Darch  added,  that 
must  be  reproduced  in  artificial  lighting 
for  the  (;ye  to  be  comfortable.  The 
light  should  be  sufficient  in  intensity, 
p(;rf(;otly  steady,  and  efi'ectively  dif- 
fused, with  freedom  from  violent  con- 
trasts ;    and   it   should,    as  stated, 


have  a  downward  direction.  Yet  these 
conditions  were  being  constantly  vio- 
lated in  installations  all  over  the  king- 
dom. He  would  leave  it  to  medical 
members  to  say  how  far  sucli  defects  in 
lighting  might  give  rise  to  nervous 
and  ocular  disorders. 

As  regards  intensity,  he  thought 
that  for  ordinary  bench  work  and  read- 
ing the  illumination  should  certainly 
not  be  less  than  about  f  to  IJ  foot- 
candles,  while  for  fine  work  3  to  10  foot- 
candles  was  necessary.  The  chief 
factor  which  served  to  create  an  im- 
pression of  glare  was,  he  thought,  in- 
trinsic brilliancy,  and  he  presented  a 
table  drawn  up  tabulating  the  results 
of  various  observers.  Dr.  Louis  Bell 
had  given  5  c.-p.  per  square  inch  as 
the  permissible  mimimum,  but  he 
considered  that  this  was  too  high  for 
most  interiors,  and  he  preferred  that 
1/10  to  1/20  of  a  candle  per  square 
inch  should  not  be  exceeded.  The 
intrinsic  brilliancy  of  a  Japanese  lantern, 
as  ordinarily  used,  would  not  exceed 
about  0.01  c.-p.  per  square  inch.  Another 
factor  to  which  he  alluded  was  the 
desirability  of  avoiding  excessive  con- 
trast between  a  bright  object  and  its 
background,  and  it  had  been  recommen- 
mended  that  the  ratio  between  the 
brightness  in  each  case  should  not 
exceed  100  to  1. 

In  passing  Mr.  Darch  referred  to  the 
need  for  measurement  in  illumination, 
and  described  several  forms  of  simple 
instruments  for  determining  illumina- 
tion devised  by  Mr.  Haydn  T.  Harrison 
and  Messrs.  J.  S.  Dow  and  V.  H. 
Mackinney.  These  instruments  were 
shown  in  actual  operation  for  the 
benefit  of  those  present,  and  Mr.  Dow, 
who  was  present,  subsequently  ex- 
plained the  nature  of  his  instrument. 

Mr.  Darch  then  proceeded  to  formu- 
late certain  simple  rules  for  the  illu- 
mination of  interiors.  He  pointed  out 
as  a  truism,  which  was,  nevertheless, 
ignored  in  many  installations,  that  the 
main  purpose  and  object  of  artificial 
light  was  to  render  visible  the  things 
required  to  be  seen.  One  should^there- 
fore  seek  to  distribute  the  light  on  the 
objects  illuminated  where  it  was 
wanted,  and  to  avoid  allowing  it  to 
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stream  into  the  eyes,  where  it  was  object- 
tionable.  Discussing  the  merits  of 
direct  and  indirect  illumination,  Mr. 
Darch  said  that  he  regarded  the  former 
as  the  most  efficient  system  of  the  two. 
However,  he  preferred  a  system  of 
shading  in  which  the  lights  were  so 
screened  as  to  be  themselves  invisible 
to  the  occupants  of  a  room,  and  yet  to 
allow  as  much  light  as  possible  to  pass 
out  into  the  room  in  directions  in 
which  it  could  not  possibly  offend  the 
eyes.  The  speaker  here  drew  the 
attention  of  the  audience  to  a  diagram, 
pointing  out  how  it  was  possible  to 
fulfil  this  condition  by  shading  the 
lights  within  a  certain  zone  of  vision. 

Mr.  Darch  then  mentioned  several 
other  practical  illustrations  of  his  views. 
He  instanced  the  stages  of  theatres  as  an 
example  of  sound  principles  in  lighting  ; 
here  it  was  realized  that  the  effect  would 
be  spoilt  by  bright  lights  between  the 
stage  and  the  audience,  and  the  intention 
was  to  illuminate  brightly  the  objects 
on  the  stage  so  that  they  "  stood  out  " 
from  their  surroundings,  and  assisted 
the  concentration  of  the  attention  of 
the  audience.    Similar  principles  ought 
to  be  applied  to  shop-window  lighting. 
Many  shop-windows  were  not,  in  a 
proper  sense,  illuminated  ;   they  were 
"  merely  invested  with  obtrusive  lights 
that  advertise  themselves  rather  than 
the  goods."    The  action  of  the  City 
authorities  in  requiring  that  all  shop- 
lights  should  be  screened  on  the  outside 
was  commendable,  but  the  regulation 
did    not    appear    to    be  sufficiently 
rigorously  enforced. 

In  general  Mr.  Darch  recommended 
that  light  should  be  distributed  by 
being   thrown   on   the   objects  it  is 


intended  to  illuminate  rather  than 
towards  the  eyes  of  the  observer.  Even 
so-called  "  fairy  lights  "  were  apt  to 
distract  attention  and  to  destroy  the 
legitimate  attractions  of  a  room.  Stair- 
cases, porches,  and  landings  could  often 
be  much  more  serviceably  illuminated 
by  a  diffused  method,  the  source  being 
screened  and  the  light  thrown  on  a 
convenient  light  surface.  Even  in 
street  hghting  the  same  method  might 
be  adopted  with  great  advantage. 
He  beheved  that  in  the  future  much 
more  attention  would  be  paid  to  the 
distribution  of  diffused  light  in  this  way, 
for  the  intense  lights  at  present  in  use 
which,  when  presented  to  the  eye 
against  a  dark  background,  often  serve 
to  confuse  and  bewilder  driver  and 
pedestrian. 

In  conclusion,  Mr.  Darch  suggested 
the  following  simple  principles  of  in- 
terior illumination  : — 

1.  The  lamps  should  be  so  arranged 
that  they  are  not  directly  visible  from 
the  more  frequented  parts  of  the  room 
nor  from  ordinary  points  of  view. 

2.  The  illumination  should  be  suffi- 
cient to  enable  the  objects  in  the 
room  to  be  clearly  and  satisfactorily 
visible  to  the  eye. 

3.  In  addition  to  the  provision  of 
adequate  general  diffused  illumination 
flooding  the  walls,  ceilings,  &c.,  there 
should  be  a  preponderating  downward 
component. 

4.  Special  hghting  should  be  pro- 
vided for  close  work  at  desks  and 
benches,  &c.,  the  local  lights  to  be  pro- 
vided with  opaque  shades  and  to  be 
adjustable  in  position. 

5.  The  colour  should  be,  as  near  as 
possible,  white. 


A  New  Estimate  of  the  Intrinsic  Brilliancy  of  the  Sun. 

M.  C.  NoRDMANN  has  recently  deduced  that  Miiller  had  previously  estimated 

the  intrinsic  brightness  of  the  sun  from  the  intensity  of  illumination  of  direct 

some  temperature  measurements  made  sunhght    as  00,000  "  metre-candles  " 

byhis  he terochromaticstellar  pyrometer,  and  the  intrinsic  brightness,  as  301,500 

After  allowing  for  the  light  absorbed  c.-p.  per  sq.  cm. 
in  transmission  through  the  atmosphere.  These  two  results,   arrived  at  by 
he  finds  the  intrinsic  brightness  of  the  entirely  different  methods,  show  re- 
sun  to   be  in  the  neighbourhood  of  markable  agreement,  their  difference 
319,000  c.-p.  per  sq.  cm.    It  appears  being  only  about  +  3  per  cent. 
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A  Light-Transforming  Reflector. 


Many  attempts  have  been  made  to 
improve  the  spectrum  of  the  mercury 
lamp  :  among  other  suggestions,  the 
use  of  fluorescing  substances  has  been 
suggested,  and  Dr.  Cooper  Hewitt 
is  now  reported  to  have  achieved  the 
practical  application  of  fluorescence  in 
order  to  supply,  by  the  simple  means 
of  reflection,  the  rays  normally  lacking 
in  mercury  spectrum. 

As  described  in  a  recently  issued 
English  patent,'-''  the  invention  con- 
sists in  the  preparation  in  a  commercial 
manner  of  a  fluorescent  varnish,  the 
light  transforming  properties  of  which 
can  be  secured  in  several  different  ways. 

In  the  preparation  of  the  varnish, 
three  distinct  elements  are  required  : — 

(1)  The  fluorescent  material,  e.g., 
rhodamine. 

(2)  A  carrier  or  binder,  to  bring  the 
material  into  a  state  in  which  it  can  be 
practically  applied. 

(3)  A  medium  to  promote  fluorescence 
after  the  material  has  been  spread  out 
on  a  surface  in  the  form  of  a  coating. 

When  collodion  is  used  as  the 
carrier,  castor  oil  is  added  to  the  solution 
to  act  as  a  promoting  medium,  and 
when  these  two  have  been  mixed, 
rhodamine,  which  has  been  previously 
dissolved  in  alcohol,  is  added,  and  a  film 
of  the  material  is  prepared  in  one  of 
several  ways.  It  may  be  painted  on 
paper  or  porcelain,  &c.,  as  a  back- 
ground, or  poured  out  on  to  glass  and 
afterwards  stripped  off. 

Another  section  of  the  patent 
describes  various  methods  for  causing 
the  reflecting  surface  to  emit  efficiently 
the  transformed  rays.  For  example, 
an  ordinary  reflecting  surface  may  be 
coated  with  the  fluorescent  material, 
and  placed  so  as  to  add  the  trans- 
formed rays  to  the  originafly  deficient 
light.    This  principle  is  said  to  have 

*  ratcnt  No.  8419,  July  2H,  1910. 


been  applied  to  the  mercury  vapour 
lamp  with  marked  success,  the  resultant 
light  being  a  very  close  approximation 
to  daylight,  which,  it  is  stated,  renders 
it  possible  to  match  colours,  &c. — 
naturally  quite  out  of  the  question  with 
the  original  light. 

Another  method  for  securing  a  satis- 
factory emission  of  the  supplementary 
rays,  is  by  incorporating  a  diffusing 
msdium  into  the  material  itself.  Zinc 
white  has  been  found  to  give  good  results 
when  mixed  with  the  varnish. 

It  is  important  that  the  reflector 
should  not  become  over-heated,  its 
efficiency  being  thereby  impaired,  and 
it  is  suggested  that  in  the  case  of  a 
gas  burner,  some  refractory  mat3rial 
might  be  used  for  the  part  of  the  reflector 
which  is  in  close  proximity  to  the  flame. 

It  is  suggested,  therefore,  that  the 
principles  of  light  transformation  can, 
by  this  new  method,  be  applied  to  the 
enrichment  of  any  light  having  a 
peculiar  spectrum.  Thus  for  the  first 
time  a  practical  method  of  gaining 
coloured  light  by  transformation  instead 
of  by  absorbing  screens  would  seem  to 
be  secured.  Hitherto,  when  it  was 
desired  to  obtain  light  of  a  special 
colour,  one  could  usually  only  attain  the 
desired  end  by  introducing  a  screen 
which  produced  a  given  colour  by 
suppressing  the  other  parts  of  the 
spectrum.  But  naturally  this  meant 
a  great  waste,  and  it  would  be 
better  if  we  could  arrange  to  convert 
the  wasted  rays  into  light  of  the  useful 
colour.  However,  it  still  remains  to  be 
seen  how  vivid  a  light  can  be  produced 
by  this  means  and  how  long  such 
reflectors  will  retain  their  qualities  un- 
impaired. It  will  be  very  interesting 
to  discover  whetlier  the  same  method 
can  be  employed  on  a  large  scale,  e.g., 
for  coating  the  exteriors  or  interiors  of 
buildings,  and  so  adding  to  the  illumina- 
tion in  the  house  or  the  street. 
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Improvements  Neede( 

The  recently  issued  report  of  Dr.  J. 
Kerr,  Medical  Officer  to  the  London 
County  Council,  again  contains  gratify- 
ing evidence  that  the  question  of  school 
illumination  is  receiving  the  close  atten- 
tion of  medical  authorities. 

Classification  of  Lighting  of 
Schools. 

It  is  pointed  out  that  in  many 
cases  the  lighting  of  school-rooms  still 
offers  room  for  considerable  improve- 
ment. According  to  a  table  contain- 
ing a  summary  of  the  hygienic  con- 
ditions in  98  schools  visited,  it  appears 
that  out  of  288  departments  the  arti- 
ficial lighting  in  22  cases  was  only 
"  fair,"  while  in  three  cases  it  was  con- 
sidered "  bad."  The  proportion  of 
well-lighted  rooms,  however,  appears  to 
be  distinctly  higher  than  that  given  in 
some  previous  tables  published  by  Dr. 
Kerr,  about  five  years  ago*,  which  seems 
to  suggest  that  an  improvement  is 
taking  place.  The  dayhght  illumination 
was  apparently  less  satisfactory  than 
the  artificial  arrangements,  for  60  cases 
were  classed  as  only  fair  and  10  as  bad. 

Unfortunately  in  many  instances 
there  are  difficulties  in  the  way  of  im- 
proving the  daylight  illumination,  since 
the  defect  usually  arises  from  the  con- 
struction of  the  building,  the  position 
of  windows,  &c.  Yet  much  can  often 
be  done  simply  by  redecorating  the 
interiors  with  a  lighter  tint. 

Eyesight  and  Bad  Illumination. 

In  some  schools  a  distinct  con- 
nexion seemed  to  be  traceable  between 
the  poor  eyesight  prevailing  and  the 
bad  system  of  illumination.  For  ex- 
ample, it  is  stated  that  at  a  school  in 
Chicksand  Street  (Whitechapel),  20 
per  cent  of  the  children  suffered  from 
defective  vision,  and  in  about  half 
these  cases  the  defect  was  very  con- 

*  "  Eye-strain  and  Brain-strain,"  Brit.  Medical 
Journal,  1905. 


in  School  Lighting. 

siderable.  The  report  proceeds  to 
point  out  how  desirable  it  is  to  have 
good  illumination  when  a  tendency 
to  myopia  has  been  found  to  exist. 
In  this  school  the  daylight  illumination 
was  clearly  unsatisfactory.  In  three 
of  the  class-rooms  the  lighting  is  from 
the  north-east.  The  seats  are  so 
placed  that  the  children  sit  with  their 
backs  to  the  windows,  and  "  a  heavy 
band  of  darkness,  especially  marked  on 
dull  days,  falls  across  the  middle  of  each 
classroom."  In  this  connection  the 
report  remarks  "  The  time  has  now 
probably  come  when  a  general  rule 
should  be  laid  down  that  no  class- 
room lighted  from  behind  the  scholars 
should  be  permitted  for  schoolwork." 

Light  Must  Come  from  the  Right 
Direction. 
As  an  illustration  of  the  evils  arising 
through  light  coming  from  the  wrong 
direction  the  report  makes  special 
mention  of  the  tendency  towards  dis- 
torted attitudes  in  reading  and  writing. 
Besides  giving  rise  to  unsatisfactory 
physical  development,  spinal  curvature, 
&c.,  these  cramped  attitudes  are  very 
apt  to  provoke  eyesight  troubles  owing 
to  the  child  straining  its  convergence 
in  stooping  and  bringing  the  eyes  too 
near  the  work.  Not  infrequently,  it  is 
suggested,  these  crouching  attitudes  are 
caused  by  the  efforts  of  the  child  to 
place  itself  so  as  to  secure  a  better 
illumination  on  the  book,  or  in  twisting 
the  body  so  as  to  avoid  its  own 
shadow,  &c.  On  the  following  page 
we  reproduce  from  Dr.  Kerr's  report 
two  illustrations  of  these  contorted 
attitudes. 

We  cannot  do  better  than  conclude  by 
quoting  some  remarks  from  the  report 
bearing  on  the  subject  of  school- 
illumination  : — 

"  This  most  important  factor  in 
school  premises  is  still  sadly  in  need  of 
improvement,  even  adopting  the  low 
standard  yet  accepted,  and  making 
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allowances  for  the  great  cost  of  altera- 
tions. Many  schools  are  hghted  almost 
exclusively  from  the  children's  back 
and  often  high  up.  Dr.  C.  W.  Hogarth 
remarks  that  in  some  departments 
maintenance  of  the  straight  (correct) 
position  involves  writing  in  a  '  blob  of 
darkness,'  and  Dr.  Woodcock  notes  that 
infants  are  often  unable  to  round  off 
their  letters.    Naturally  the  children 


and  crouching  over  the  desk,  and  often 
with  pressure  on  the  chest.  Many 
of  the  windows  may  be  so  dirty  that 
there  is  a  great  deal  of  the  direct  light 
absorbed  by  them.  The  artificial  light 
is  rarely  satisfactory  for  all  the  children. 
The  back  seats  are  often  in  comparative 
darkness.  The  more  powerful  recent 
burners  tend  to  remain  concentrated 
towards  the  middle  of  the  rooms,  and 


Fig.  1.— Shows  cramped  and  incorrect  attitudes  assumed  by  children 
owing  to  light  coming  from  the  wrong  direction. 


turn  round  and  sit  obliquely  to  get  the 
best  illumination  possible  for  their 
paper.  The  alternative  to  eyestrain 
is  spinal  rotation  and  its  attendant 
evils.  It  is  very  common  to  find  a  row 
of  desks  along  the  window  wall  which 
are  always  in  a  condition  of  half  hght, 
what  Dr.  W.  Hawkes  terms  '  Bhnd 
seats,'  with  resulting  constant  stooping 


even  then  there  are  all  kinds  of  dark 
shadows  thrown  from  the  arrangement  of 
the  lights.  During  the  past  year  it  has 
been  decided  that  sewing  should  not  be 
done  by  artificial  light,  and  this  is 
correct,  as  it  is  more  tiring  than  the 
finest  writing,  in  which  there  is  marked 
contrast  between  black  ink  and  white 
paper." 


Photometrical  Tests  of  the  Physikalisch-Technische 
Reichsanstalt  for  1909. 

A   RECENTLY   issued   report   of   this  horizontal    (Hefner)    candle    (or  1-4 

Institution  contains  some  particulars  watts  per  mean  spherical  candle), 

of    tests    on    metallic   filament   and  As    regards    inverted  incandescent 

other    lamps.      In   connexion    with  gas  lamps  the  best  result  was  about 

metalhc  filament  lamps  the  chief  item  12  litres  per  H.K.  (mean  spherical)  ; 

of  progress  has  been  the  introduction  the  best  acetylene  burner  gave  0-2  litres 

of  16  H.K.  lamps  for  100  volts,  and  per  horizontal  Hefner, 
consuming  1*0  to  M  watts  per  mean 
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The  Lighting  of  the  City  of  London. 

(Report  of  the  City  Engineer  for  1909.) 


The  report  of  Mr.  F.  Sumner,  the  City 
Engineer,  for  the  year  1909,  again  con- 
tains a  considerable  amount  of  informa- 
tion on  the  public  lighting  of  the  City. 

Electric  Lighting. 

As  regards  electric  lighting  it  is 
mentioned  that  most  of  the  original 
arc  lamps  have  been  continued  during 
the  year,  but  flame  arcs  have  been  sub- 
stituted in  certain  thoroughfares, 
notably  Old  Bailey,  Ludgate  Circus, 
St.  Paul's  Churchyard,  &c.  In  addition 
there  were  63  Oliver  lamps  and 
18  Reason  enclosed  arcs  in  experi- 
mental use.  These  lamps  were  lighted 
on  18  days  when  fog  or  unusual  dark- 
ness prevailed  at  an  additional  cost  of 
198Z.  Os.  5d.  The  number  of  defective 
lamps  reported  during  the  year  was  52, 
and  deductions  to  the  value  of 
121.  9s.  2d.  were  made  for  such  failures. 

The  following  table  gives  the  number 
of  arc  lamps  in  lighting  on  December 
31st,  with  the  annual  cost  of  the 
same  : — 


the  roadway.  The  City  of  London 
have  also  continued  their  experiment 
with  21  Oliver  flame  arcs  which  were 
substituted  for  the  original  ordinary 
arcs  in  Holborn,  Holborn  Viaduct,  and 
part  of  the  Old  Bailey.  In  Farringdon 
Street  18  enclosed  arcs  of  the  Reason 
type  have  been  maintained  during  the 
year. 

Gas  Lighting. 

The  number  of  gas  lamps  (including 
experimental  units)  paid  for  by  the 
Corporation  during  the  year  was  2,720, 
in  accordance  with  Table  II. 

One  interesting  development  has  been 
the  re-lighting  of  Fleet  Street  and 
Chancery  Lane  experimentally  by 
means  of  17  high-pressure  inverted 
lamps  of  the  Keith  type.  The  change 
necessitated  the  laying  down  of  a 
6-in.  high-pressure  main  in  the  centre 
of  the  roadway,  the  pressure  being 
54  ins.  of  water,  the  consumption  per 
lamp  25  cubic  feet  per  hour,  and  the 


TABLE  I. 


No.  of  Lamps. 

Description. 

Price  per 
annum 
per  lamp. 

Company. 

366 
53 
18 

10 

Total  ...447 

Original  type  "  open  "  Lamps   

Oliver  flame  arcs  (partly  experimental) 
/  Reason  enclosed  arcs  (experimental),  [ 

t    Farringdon  Street   J 

/Oliver     flame    arcs  (experimental),! 
1     Cannon  Street     / 

£2G    0  0 
£17  10  0 
£12  10  0 

£17  10  0 

fCity  of  London  Electric 
(    Lighting  Co. 

)'  )! 

Charing  Cross  Co. 

In  accordance  with  the  decision  of  the 
Court  of  Common  Council  in  1907,  the 
CharingCross  and  Strand  Electric  Supply 
Co.  have  continued  their  experiments 
with  11  centrally  hung  magazine  flame 
arc  lamps  in  Cannon  Street  suspended  on 
wires  spanning  the  street  28  ft.  above 


illuminating  power  1,500  candles.  The 
inclusive  annual  upkeep  of  these  lamps, 
with  gas  at  2s.  5d.  per  1,000  feet,  was 
1&.  10s.,  which  was  subsequently 
lowered  to  16^.  Os.  lOd.,  and  after- 
wards to  15/.  2s.  6d.,  as  the  cost  of  gas 
was  reduced.    The  Gas  Company  pro- 
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vided  the  necessary  compressing  plant- 
mains,  services,  brackets,  and  lanterns. 

There  are  102  other  high-pressure 
lamps  in  the  City  thoroughfares,  in- 
cluding 42  upright  single -burner  lamps 
on  brackets  in  Billingsgate.  These 
lamps  consume  10  cubic  feet  per  hour, 
and  give  an  illuminating  power  of  300 
candles  each  at  a  cost  of  61.  13s.  Qd. 
per  annum.  Gas  is  supplied  at  a 
pressure  of  10  ins. 


Coke  Co.  for  public  hghting  by  gas  was 
2s.  5d.  per  1,000  cubic  feet  during  the 
first  half  of  the  year,  including  a  fixed 
sum  of  Qs.  per  annum  for  incandescent 
mantle  renewal  for  ordinary  lamps. 
From  July  1st  to  Michaelmas  the  price 
of  gas  for  lamps  north  of  the  Thames 
was  reduced  to  2s.  4cd.  Subsequently 
from  October  1st  to  Christmas  the  Gas 
Light  and  Coke  Co.  reduced  the  candle- 
power  of  their  gas  from  16  to  14,  and  the 


TABLE  II. 


Ordinary  Burners. 

High  Pressure  Burners. 

cial. 

Total. 

Cub.  feet  per  hour 

3 

4-25 

X 
3 

4-25 

20 
4  25 

61 

8-5 

12-75 

16 

21-25 

10 

20 

30 

100 

25 
(in- 
v't'd) 

60 

Spe 

1908 

1909 

10 

1978 

41 

484 

1 

57 

5 

2 

1 

46 

45 

2 

1 

17 

6 

24 

2720 

2730 

There  are  also  45  upright  two -burner 
lamps  in  Queen  Victoria  Street,  each 
consuming  20  cubic  feet  of  gas  per  hour 
and  giving  a  light  of  600  candles,  the 
cost  being  121.  per  annum. 

During  the  year  a  trial  has  been  made 
with  the  Carpenter  South  Metro- 
politan inverted  burner  lamp  in  Cheap- 
side  and  Paternoster  Row.    The  con- 


price  of  gas  was  then  lowered  to  25.  2d. 
for  lamps  north  of  the  Thames. 

The  number  of  defective  gaslights 
observed  and  reported  upon  during  the 
year  was  1,841,  including  1,495  ordinary 
and  346  high-pressure  lamps.  The 
details  of  the  total  defects  observed  in 
the  ordinary  lamps  during  the  year 
were  as  follows  : — 


Defective  Lights. 

Defective  Lanterns. 

Total. 

Feeble  Lights. 

Lights  Failed. 

Bottoms. 

Tents. 

Sides. 

Doors. 

Dirty. 

Pro- 
tectors. 

Burners. 

1,276 

20 

25 

9 

30 

2 

66 

55 

12 

1,495 

sumption  of  gas  is  stated  to  be  4  cubic 
feet  per  burner,  yielding  a  candle- 
power  of  120,  or  30  candles  per  cubic 
foot  of  gas. 

The  number  of  low-pressure  gas 
lamps  at  the  end  of  the  year  was 
2,601,  the  majority  being  stated  to 
give  60  to  70  candles,  and  to  consume 
4i  cubic  feet  of  gas  per  hour. 

The  prices  paid  to  the  Gas  Light  and 


The  remainder  of  the  section  of  the 
report  dealing  with  lighting  is  devoted 
to  data  collected  by  the  Deputation 
of  the  Streets  Committee  which  visited 
various  cities  on  the  Continent*  and 
contains  a  table  summarizing  the  con- 
ditions of  lighting  in  the  various  towns 
visited  on  that  occasion. 

*  See  Ilium.  Eng.,  vol.  ii.,  1909,  pp.  526,  623, 
677. 
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Tests  of  Moore  Tube  Lighting  Installation  New  York  Post 

Office. 

By  E.  P.  Hyde  and  J.  E.  Woodwell. 

(A  paper  presented  at  the  Third  Annual  Convention  of  tlie  lUuniinating  Engineering  Society,  New  York,  • 

Sept.  27,  28,  29, 1909  ;  abbreviated.) 


Description. 

The  tests  reported  below  were  con- 
ducted in  June,  1908,  by  the  Bureau 
of  Standards,  at  the  request  of  the 
Treasury  Department,  on  two  Moore 
tube  hairpin  units  located  in  the 
"  City  "  room  of  the  Registry  division 
of  the  New  York  Post  Office,  after 
the  tubes  had  been  in  constant  service 
approximately  5,000  hours.  The  tubes 
were  operated  on  the  220  volt,  60  cycle 
central  station  service,  and  were  fed 
with  nitrogen  gas. 

The  general  arrangement  and  dimen- 
sions of  the  room  and  its  furniture 
are  shown  in  plan.  Fig.  1,  which  also 
shows  the  lengths  and  position  of  the 
Moore  tubes,  size  and  form  of  reflec- 
tors with  which  the  tubes  were  equipped, 
and  the  test  stations  at  which  illumina- 
tion measurements  were  made. 

The  ceiling  of  the  room  had  just 
been  painted  a  light  buff  colour. 

The  room  marked  D  on  plan.  Fig.  1, 
adjoining  the  side  opposite  the  Light 
Court,  was  separated  by  a  wire  screen 
only,  and  was  also  illuminated  by  Moore 
tubes. 

Scope  of  Tests. 

The  tests  were  divided  into  five 
general  heads,  as  follows  : — • 

1.  Illumination    measurements  at 

various  stations  to  determine 
quantity  and  uniformity. 

2.  Measurement  of  energy  and  power 

factor. 

3.  Determination  of  flux  of  light. 

4.  Stroboscopic  determination  of  vari- 

ation in  illumination  throughout 
a  cycle. 

5.  Study  of  colour. 


1.  Illumination. 

The  illumination  was  measured  by 
means  of  a  Sharp-Millar  illuminometer, 
previously  calibrated  at  the  Bureau  of 
Standards.  This  calibration  showed 
the  scale  of  the  instrument  to  be  in 
error  over  a  range  from  18  foot-candles 
to  1*5  foot-candles  by  approximately 
9*5  per  cent.  By  a  preliminary  test 
the  voltage  of  the  small  comparison 
lamp,  furnished  with  the  instrument,  at 
which  it  matched  the  Moore  tubes  in 
colour,  was  determined.  The  instru- 
ment was  then  calibrated  with  the 
comparison  lamp  at  this  voltage,  both 
as  an  illuminometer  and  as  a  photo- 
meter. The  milk  glass  screen  was 
tested  when  light  was  incident  at 
various  angles,  and  found  to  vary 
from  the  cosine  law  by  as  much  as 
20  per  cent,  at  75°  incidence.  A 
curve  was  made  showing  this  error  for 
different  angles  of  incidence.  Curves 
were  also  obtained  giving  the  actual 
foot-candles  for  any  scale  reading  when 
the  instrument  is  used  as  an  illumino- 
meter, and  the  actual  candle-power 
when  the  instrument  is  used  as  a  photo- 
meter. 

The  illumination  was  determined  on 
a  plane  36  in.  from  the  floor,  at  the 
various  stations  indicated  in  Fig.  1. 

For  the  first  series  of  readings  the 
reflectors  over  the  tubes  were  removed. 
For  the  second  series  they  were  in 
place.  The  reflectors  used  were  corru- 
gated mirror  reflectors,  and  are  shown 
in  Fig.  1. 

The  last  8  ft.  (end  away  from  trans- 
formers) of  double  tubes  A  and  B  were 
added  after  the  reflectors  were  made 
and  consequently  remained  without 
reflectors  as  in  the  first  series.  During 
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the  readings  at  the  first  five  stations 
in  Series  1,  the  tubes  in  room  D  were 
lighted.  They  were  then  put  out  ; 
a  second  reading  made  at  station  5 
showed  no  appreciable  change.  After 
this  the  tubes  in  room  D  remained  out 
until  station  No.  14  was  reached,  and 
were  then  turned  on.  Tube  C  was  in 
during  the  first  series  up  to  station 
No.  14  when  it  was  put  out  for  the  rest 
of  the  series.  In  series  2,  the  tubes 
in  room  D  as  well  as  tube  C  were  out. 
At  station  No.  14,  series  1,  readings 
w^ere  taken  with  the  observation  plane 
at  different  elevations  from  the  floor  in 
order  to  determine  the  effect  on  the 
illumination  in  change  of  distance  from 
the  tubes. 

The  results  given  in  the  following 
table  are  expressed  in  terms  of  the  unit 
of  candle-power  maintained  at  the 
Bureau  of  Standards  prior  to  July  1st 
of  the  present  year. 

Table  I. — Illumina 


The  floor  area  illuminated  by  tubes 
A  and  B  approximates  1,675  sq.  ft., 
so  that  the  watts  per  sq.  ft.  are  2*85, 

3.  Flux. 

For  the  purpose  of  determining  the 
flux,  a  space  was  screened  off  enclosing 
about  15  ft.  of  tube  B.  This  screening 
was  accomplished  by  erecting  four 
uprights  at  the  corner  of  a  15  ft.  square 
and  wrapping  around  them  heavy  felt 
cloth  forming  a  room  from  which 
practically  all  extraneous  fight  was 
excluded.  A  brass  piece  with  an 
opening  exactly  1  ft.  long  was  made 
to  fit  the  tube,  and  when  set  in  place, 
the  remainder  of  the  tube  within  the 
enclosure  was  wrapped  with  felt,  so 
that  the  only  light  within  the  enclosure 
came  from  the  1  ft.  length  of  the  tube. 
A  semi-circular  disc  was  made  with  a 
piece  exactly  fitting  this  1  ft.  opening. 
This  disc  was  provided  with  an  adjust- 

ion  in  Foot-Candles. 


Series  No.  1 
without 
reflectors. 


1 

2-4 

2 

6-2 

3 

7-8 

4 

7-9 

5 

5-0 

5 

5-0 

G 

2-5 

7 

5-9 

8 

8-6 

9 

9-0 

10 

7-3 

11 

3-7 

12 

3-4 

13 

7-8 

14 

8-8 

14 

9-6 

14 

10-3 

Tubes  in  room  D  out 


36"  Keference  plane  from  floor 
48" 

60"  „ 


Series  No.  2 

with 
reflectors. 


2-5 

4 

6-9 

10 

8-3 

6 

8-6 

8 

5-2 

4 

2-6 

4 

6  2 

5 

9-1 

5 

10-0 

10 

7-4 

1 

3-7 

0 

3-4 

0 

8-7 

10 

10-0 

12 

10-4 

8 

10-5 

2 

Note. — Neither  tube  C  nor  tubes  in 
room  D  should  affect  measurements 
except  at  station  12,  where  tube  C 
would  have  some  effect. 

2.  Energy. 

During  the  illumination  measure- 
ments energy  readings  were  made  on 
tube  B,  in  series  1,  and  tube  A  in 
scries  2.  Tlie  connections  are  shown 
diagrammatically  in  the  sketch.  Fig.  2. 

The  results  are  given  in  Table  2. 


able  rod  swinging  about  the  centre  of 
the  edge  of  the  disc  nearest  the  tube. 
The  other  end  of  the  rod  was  provided 
with  a  small  flat  disc  whose  plane  was 
perpendicular  to  the  axis  of  the  rod. 
By  the  use  of  tliis  apparatus  it  was 
possible  to  set  the  illuminometer  tube 
at  a  definite  distance  from  the  Moore 
tube,  and  with  its  axis  making  a  definite 
angle  with  the  axis  of  the  Moore  tube. 

The  rod  A  was  made  in  several 
lengths,  approximately  4  ft.  long,  and 
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the  disc  B  could  be  attached  at  the  end 
of  any  length.  The  illuminometer 
was  changed  during  the  test  so  as  to 
serve  as  a  photometer,  by  removing 
the  milk  glass  screen  and  replacing  the 
mirror  at  the  elbow  by  the  diffusing 
screen.  The  first  measurement  was 
made  with  the  photometer  directly 
under  the  opening,  so  that  the  photo- 
metric axis  made  an  angle  of  90°  with 
the  axis  of  the  tube.  This  was  called 
the  0  angle.  The  distance  used  was 
approximately  4  ft.  The  photometer 
was  then  moved,  raised  and  adjusted  by 
means  of  the  rod  and  disc  until  its 
axis  made  an  angle  of  20°  with  that 
of  the  tube. 


of  the  different  light-giving  portions 
of  the  tube  from  the  intersections 
of  the  photometric  axis  and  the  tube 
axis.  It  was  found  by  analysis  that  the 
decreased  illumination  produced  by 
these  effects  was  compensated  for  by 
the  fact  that  the  light  received  on  the 
screen  does  not  come  from  the  cylinder 
1  ft.  in  length,  but  from  a  cylinder  of 
wedge  shape  whose  front  elements  are 
1  ft.  in  length,  but  whose  rear  elements 
are  considerably  longer.  It  was  found, 
therefore,  that  to  a  very  good  degree  of 
approximation,  probably  well  within 
the  errors  of  reading,  the  mean  spherical 
candle-power  could  be  computed  from 
the   results   obtained,    assuming  the 


Table  II. — Average  Energy  Consumed  during  Series  1  and  Series  2. 


Volts. 

Amperes. 

Apparent 
kilowatts. 

Actual 
kilowatts. 

Power 
factor 
per  cent. 

Series  1— Tube  B 
Series  2 — Tube  A 

210 
213 

18-8 
15-4 

3-95 
3-28 

2-50 
2-27 

63 
69 

Readings  were  taken  at  the  angles 
0°,  20°,  40°,  60°.  At  60°  the  readings 
were  repeated  as  a  check,  and  at  0°  an 
additional  observation  was  made  at  a 
longer  distance.  The  results  are  ex- 
pressed in  apparent  candle-power  which 
in  this  case  means  the  candle-power 
which  a  point  source  placed  at  the 
centre  of  the  tube  must  have  in  order 
to  produce,  at  the  given  distance,  the 
illumination  measured. 


Table  III.— Flux  Test. 


Angle, 

Distance 

Apparent 

degrees. 

in  feet. 

candle-power 

0 

4-43 

9-4 

20 

4-48 

9-4 

40 

4-45 

9-1 

60 

4-50 

8-3 

60 

4-50 

8-3 

0 

443 

9-4 

0 

10-48 

9-2 

It  is  evident  that  when  the  photo- 
metric axis  is  normal  to  that  of  the 
tube,  light  will  fall  on  the  photometer 
screen  at  different  angles  of  incidence, 
depending  upon  the  distance  of  the 
screen  from  the  tube  and  the  distance 


candle-power  to  be  that  of  a  point  source 
located  at  the  centre  of  the  tube.  This 
mean  spherical  candle-power  was  found 
to  be  9'0.  From  this  we  get  the  total 
flux  from  1  ft.  length  of  the  tube  to 
be  113*1  lumens.  Since  the  total 
length  of  the  tube  B  is  2  X  56'  T 
(see  Fig.  1)  or  113"  17  ft.,  we  have  as 
the  total  flux  from  tube  B,  113'17  X. 
113'1  =  13,000  lumens.  Assuming  the 
power  to  be  2,500  watts  (see  Table  2), 
we  have  as  the  efficiency  5'21  lumens 
per  watt.  The  mean  spherical  candle- 
power  of  the  tube  as  a  whole  may  be 
taken  as  the  lumens  divided  by  47r  or 
1,034. 

The  watts  per  mean  spherical  candle 
for  tube  B  will  then  be  2*42.  Assuming 
the  same  value  for  tube  A,  the  spherical 
candle-power  per  square  foot  of  the  area 
illuminated  by  tubes  A  and  B,  will  be 
1.18. 

4.  Stroboscopic  Test. 
Owing  to  the  fact  that  when  a  tube  is 
running  on  single  phase  there  is  a 
succession  of  images  of  any  moving 
object  instead  of  a  continuous  image, 
a  stroboscopic  test  was  made  to  deter- 
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mine  the  fluctuation  in  illumination 
and  to  see  if  a  remedy  could  be  found 
by  using  two  phases,  90°  apart. 

The  stroboscope  used  was  made  by 
attaching  to  a  small  induction  motor  a 
disc  having  a  small  sector  opening  in 
it.  The  motor  was  mounted  on  an 
arm  which  turned  about  a  vertical 
axis  passing  through  the  axle  of  the 
motor.  The  speed  was  adjusted  so  as  to 
to  give  four  maxima  and  four  minima 
per  turn.  In  this  way  it  was  not, 
necessary  to  turn  the  instrument 
through  more  than  180°  in  order  to  pass 
from  a  maximum  through  a  minimum. 
This  procedure  was  necessary  because 
the  tube  of  the  illuminometer  prevented 
a  complete  rotation  of  the  arm  holding 
the  motor. 

The  stroboscope  was  first  set  up 
half-way  between  the  tubes  A  and  B, 
and  at  a  height  approximately  six  feet 
from  the  floor.  When  both  tubes  were 
running  on  the  same  single-phase 
current,  the  range  between  the  maxi- 


mum and  minimum  was  from  0*096 
foot-candle  to  less  than  0*012  foot- 
candle,  or  at  a  ratio  of  8  to  1.  Owing 
to  the  finite  size  of  the  opening  in  the 
stroboscope  disc,  and  the  finite  size 
of  the  screen  of  the  illuminometer, 
it  is  impossible  to  get  a  zero  illumina- 
tion when  the  current  is  at  the  zero 
point  of  the  wave  cycle. 

The  two  tubes  were  then  put  on 
separate  phase,  90°  apart.  In  this 
case  one  of  the  circuits  was  a  power 
circuit  involving  the  possibihty  of 
fluctuations  in  the  line  voltage.  The 
range  was  then  from  0*16  to  0*08  foot- 
candle,  or  a  ratio  of  2  to  1,  as  com- 
pared with  a  ratio  of  8  to  1  on  single 
phase. 

It  is  evident  from  the  results  of  this 
test  that  the  objectionable  flicker 
noticed  in  moving  objects,  when  both 
are  on  the  same  phase,  can  be  largely 
cut  down  by  running  the  tube  on  two 
phases  90°  apart. 


Some  Further  Tests 

An  investigation  of  the  Moore  light 
carried  out  a  short  time  ago  by  Prof. 
Wedding,  and  recently  described  m 
Mektrotechnische  Zeitschri/t,  brings  out 
some  mteresting  points  in  connexion 
with  this  form  of  lamp.  Prof.  Wedding 
found  that  the  efl'ect  of  change  of 
frequency  was  very  marked;  e.g.,  with 
primary  voltage  constant  at  153  volts, 
an  increase  of  frequency  from  36  to  60 
so  diminished  the  secondary  voltage 
that  the  candle-power  fell  very  con- 
siderably. At  this  low  voltage  the 
flickering  was  excessive. 

Efficiency  tests  showed  that  the 
over-all  efficiency  of  the  particular 
set  used  was  1''53  watts  per  candle 
(H(!fner),  but  neglecting  the  loss  on  the 
transformer  and  the  choking  coil, 
the  latter  being  used  in  the  same  way 
as  a  series  resistance  in  an  arc  lamp, 
th(!  cffioiency  of  the  lamp  itself  worked 
out  at  J  "34  watts  per  candle. 

An  interesting  comparison  was  made 


on  the  Moore  Light. 

by  lighting  a  given  room  with  the  Moore 
light  and  also  with  Tantalum  lamps, 
the  energy  consumed  in  each  case  being 
the  same.  When  the  illumination  of  the 
room  had  been  mapped  out  under 
each  system,  at  a  given  height  from  the 
ground,  it  was  found  that  with  Tan- 
talum lamps  the  illumination  varied 
from  29*4  to  48  Hefner  candles,  the 
mean  being  37*3,  whilst  with  the  Moore 
light  the  variation  was  from  32'4  to 
46  Hefner  candles,  the  mean  being  39*4. 

It  is  also  stated  that  the  tube 
of  gas  possesses  a  marked  inertia, 
in  virtue  of  which  a  temporary 
change  in  the  external  conditions  only 
gradually  influences  the  light ;  this 
naturally  makes  for  steadiness.  Another 
striking  feature  is  that  the  luminous 
tube  itself,  unlike  a  burning  flame,  is 
very  transparent.  In  consequence  of 
this  one  receives  the  impression  that 
the  tube  is  much  less  bright  looking 
pery)cndicular  to  its  length  than  when 
looking  from  end  to  end. 
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High  Efficiency  Lamps : 

Their  Effect  on  the  Cost  of  Light  to  the  Central  Station. 
By  S.  E.  Doane. 

(Paper  read  before  the  National  Electric  Light  Association  at  its  Thirty-third  Convention  held  at  St.  Louis, 

May  23-27,  1910  ;  abbreviated.) 

(Concluded  from  p.  556.) 


Table  II.  presents  a  summary  of  the 
results  given  in  previous  diagrams. 

Each  consumer  is  assumed  to  use 
the  same  total  amount  of  light  after 
changing  to  the  high  eflficiency  lamps 
as  was  used  with  the  carbon  lamps. 

The  logical  effect  of  the  high  efficiency 
lamp  is  to  increase  the  number  of  small 
consumers.  This  means  an  increase 
in  the  proportion  of  the  Central  Station 
expense  for  labour  in  connexion  with 


It  is  of  course  obvious  that  a  Central 
Station  could  always  take  care  of  an 
increased  number  of  customers  without 
using  high  eflficiency  lamps,  by  increas- 
ing the  size  of  the  plant,  but  it  is  also 
obvious  that  the  use  of  the  high  effi- 
ciency lamps  will  allow  it  greatly  to 
increase  the  number  of  customers 
served  without  materially  increasing 
the  station  and  generating  investments. 

Table  3,  which  follows,  shows,  on  the 


TABLE  II. 

Relative  Cost  of  Serving  Various  Customers. 


Consumer. 

Present  Intermediate  Cost. 
Cost       p,^^        Tanta-  Tungs- 
Carbon.                    lum.  ten. 

Ultimate  Cost. 
Gem.  Tungs- 
lum.  ten. 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

100 

91.3 

87.0 

80.5 

75.6 

63.8 

45.1 

Small— Short  hr  

100 

95.5 

93.2 

89.8 

82.5 

73.8 

60.6 

100 

88.1 

85.0 

77.4 

80.0 

70.0 

54.9 

100 

92.7 

89.1 

83.6 

71.8 

57.8 

36.7 

100 

85.9 

78.8 

68.2 

71.7 

57.5 

36.3 

Consumer. 


Average   

Small — Short  hr. 
Small — Long  hr. 
Large — Short  hr. 
Large— Long  hr. 


Kw. 

maximum  demand. 
1.6 
0.5 
0.5 
20.0 
20.0 


Load 
Factor. 
11  per  cent 
7 

20  „ 
7  „ 
20 


the  distributing  system  and  the  account- 
ing, &c.,  which  we  have  classified  under 
"  Consumer's  Cost."  The  addition  of 
many  new  customers  will  improve  the 
load  factor  of  the  station  somewhat, 
as  there  is  no  reason  to  assume  that  the 
day  load,  which  is  not  a  lamp  load, 
will  not  increase  with  an  increase  in 
the  number  of  customers,  even  though 
the  current  consumed  at  the  time  of 
maximum  demand  does  not  increase 
because  of  the  high  efficiency  lamps. 


basis  of  the  foregoing  statistics,  what, 
in  a  general  way,  might  be  expected, 
when  that  time  in  the  future  arrives, 
when  all  of  the  Central  Station  cus- 
tomers have  changed  to  the  highest 
eflficiency  lamps.  Of  course,  we  know 
that  the  time  will  never  come  when 
every  lamp  on  the  circuit  will  be  of  the 
highest  eflficiency.  We,  however,  can 
assume  any  value  we  may  desire,  and 
for  the  exception  still  use  the  table 
which  foUows. 
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The  table  is  drawn  up  on  the  assump- 
tion that  every  customer  in  the  future 
wiU  have  changed  to  the  use  of  high 
efficiency  lamps.  It  is  anticipated,  of 
course,  that  between  now  and  the  time 
when  this  condition  will  have  been 
reached  that  each  station  will  have 
increased  its  number  of  customers  ;  con- 
sequently, we  have  made  our  assump- 
tion to  include  all  percentages,  beginning 
with  no  increase  in  customers,  and 


to  a  condition  of  somewhat  increased 
Hght,  perhaps,  but  not  to  an  increase 
sufficiently  great  to  materially  affect 
this  assumption. 

I  would  like  to  say  just  a  word  as 
to  the  use  of  this  Table  No.  3.  Let  us 
assume  that  a  station  is  adding  new 
customers  on  the  high  efficiency  basis 
at  the  rate  of  about  9  per  cent  a  year. 
Let  us  also  assume  that  a  period  of 
time,  say  three  years,  elapses  before 


TABLE  III. 

Effect  on  Station  Cost  and  Output  Produced  by  Adoption  of  the  Highest 

Efficiency  Lamps. 

(Assuming  that  each  Consumer  produces  the  same  amount  of  light  with  highest  efficiency  lamps  as 

with  the  lamps  of  low  efficiency. ) 


dumber  oi  Con- 
sumers in  per 
cent  of  the  num- 
ber supplied  at 
present  with  low 
efficiency  lamps. 

Cost  to  Station. 

Kw-hrs.  Con- 
sumed and 
maximum  de- 
mand in  per 
cent  of  that  with 
low  efficiency 
lamps. 

Kelative  Cost. 

Con- 
sumer. 

Demand 

Output. 

Total. 

*  Per 
Kw-hr. 

Per  Con- 
sumer. 

100  per  cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

using  low  efficiency 
lamps. 

}  14.6 

55.1 

30.3 

100.0 

100.0 

100.0 

100.0 

Changed  to  the 
following  per  cent 

using  highest 

efficiency  lamps. 

100 

14.6 

.55.1 

10.8 

80.5 

35.7 

225.0 

80  5 

110 

16.1 

55.1 

11.9 

83.1 

39.3 

212.0 

75.5 

120 

17.5 

55.1 

13.0 

85.6 

42.9 

200.0 

71.4 

130 

19.0 

55.1 

14.1 

88.2 

46.4 

190.0 

67.8 

140 

20.4 

55.1 

1.5.1 

90.6 

50.0 

181.0 

.64.7 

150 

21.9 

55.1 

16.2 

93.2 

53.6 

174.0 

62.1 

160 

23.4 

55.1 

17.3 

95.8 

57.2 

168.0 

59.8 

170 

24.8 

55.1 

18.4 

98.3 

60.7 

■162.0 

57.8 

.180 

26.3 

55.1 

19.5 

100.9 

64.3 

157.0 

56.1 

190 

27.7 

55.1 

20.6 

103.4 

67.9 

152.0 

54.4 

200 

29.2 

551 

21.6 

105.9 

71.4 

148.0 

52.9 

210 

30.7 

55.1 

22.7 

108.5 

75.0 

145.0 

.51.7 

220 

32.1 

55.1 

23.8 

111.0 

78.6 

141.0 

50.4 

230 

33  6 

55.1 

24.9 

113.6 

82.2 

138.0 

49.6 

240 

35.0 

55.1 

26.0 

116.1 

85.7 

135.0 

48.4 

250 

36.5 

55.1 

27.1 

118.7 

89.3 

133.0 

47.5 

260 

38.0 

55.1 

28.1 

121.2 

92.9 

130.0 

46.6 

270 

39.4 

55.1 

29.2 

123.7 

96.5 

128.0 

45.8 

280 

40.9 

55.1 

30.3 

126.3 

100.0 

126.0 

45.1 

*  Please  do  not  confuse  this  with  the  output  cost  per  kw-hr.  which  remains  practically  constant 
throughout. 


ending  with  180  per  cent  increase  in 
customers,  at  which  time,  the  station 
will  be  again  entirely  loaded.  This 
table,  of  course,  is  drawn  up  on  the 
further  assumption  that  a  customer 
will  not  increase  the  amount  of  hght 
he  uses  at  peak  hours.  I  firmly  boheve 
this  assumption  is  warranted  in  the  case 
of  the  domestic  user,  and  that  it  is 
warranted  in  (essence  in  all  cases,  as 
I  believe  that  we  are  rai)idly  reverting 


all  the  present  customers  will  have 
changed  to  the  highest  efficiency  lamps. 
At  that  time  the  station  will  be  supply- 
ing 130  per  cent  of  its  present  number 
of  customers,  all  of  whom  will  be  using 
lamps  of  the  highest  efficiency.  Run- 
ning down  the  left-hand  column  to 
130  per  cent  and  reading  across  to  the 
final  figures  at  the  right,  it  sliows  that 
the  average  customer  at  the  end  of  three 
years  will  cost  the  central  station  67*8 
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per  cent  as  much  as  he  does  to-day — 
even  though  he  uses  high  efficiency 
lamps  and  consumes  only  about  one- 
third  as  much  current.  We  find  by 
reference  to  the  sixth  column  that  the 
actual  kw.  output  in  such  case  will  be 
only  46  per  cent  of  what  it  is  to-day. 

Some  one  has  asked  me,  upon  reading 
this  paper,  why  we  did  not  deal  with 
other  factors  in  the  cost  of  operating 
a  central  station  than  that  of  lighting, 
and  my  reply  was  that  hghting  was  the 
only  subject  upon  which  I  considered 
I  had  any  right  to  address  this  Associa- 
tion. This  46  per  cent  of  present  out- 
put indicates  only  the  current  used  for 
lighting.  I  have  no  idea  there  is  any 
station  whose  load  is  so  purely  lighting 
that  when  the  30  per  cent  additional 
customers  have  been  obtained  they  will 
not  actually  have  a  greater  output  than 
46  per  cent  of  that  at  present,  due  to 
the  day  load  and  the  power  load. 

This  table  clearly  shows  that  those 
costs  which  we  have  classed  as  the 
consumer's  costs,  which  are  the  costs  per 
customer  for  distributing  the  current 
generated,  are  the  costs  which  concern 
the  Central  Station  to  a  constantly 
increasing  extent.  The  investment  in 
meters  and  the  length  of  line  necessary 
to  run  to  reach  a  customer,  the  location 
of  meters  to  facilitate  reading,  and 
details  of  this  character,  will  be  of 
considerably  greater  importance  to  the 
station  man  than  the  efficiency  of  the 
generating  apparatus. 

It  has  been  suggested  to  the  writer 
that  the  customer's  cost  can  be  reduced 
50  per  cent  when  several  ends  have 
been  accomplished,  among  which  is  the 
universal  adoption  of  a  cheap  meter,  a 
current  limiting  device,  or  something 
equivalent  to  either,  or  both,  &c. 
This  is  a  matter  of  speculation,  but  it 
is  interesting  to  observe  from  the  table 
that  such  a  50  per  cent  decrease  would 
allow  the  Central  Station  to  carry 
180  per  cent  more  customers  with  the 
same   gross  cost,  at  which  time  the 


cost  per  kw.  would  be  no  greater  than 
at  present,  and  at  which  time  the  total 
average  cost  per  customer  (please  do 
not  confuse  this  with  the  customer's 
component  of  the  fixed  costs),  on  the 
basis  of  our  assumption,  would  be 
decreased  to  36  per  cent  of  the  present 
total  average  cost  per  customer. 

It  is  most  interesting  to  note  that 
when  a  station  has  added  80  per  cent 
more  customers  its  total  cost  will 
have  again  reached  the  present  cost, 
but  the  cost  per  kw.-hr.  will  be  about 
60  per  cent  greater  than  at  present. 
It  is  most  interesting,  furthermore,  in 
showing  that  even  when  the  station 
again  becomes  fully  loaded,  the  cost 
per  kw.-hr.  will  be  about  25  per  cent 
greater  than  it  is  at  present. 

The  effect  of  the  high  efficiency  lamp 
has  been  to  modify  profoundly  com- 
mercial practice.  The  possibility  of 
these  lamps  being  made  more  efficient 
as  the  weeks  pass  makes  it  necessary 
for  the  Central  Station  to  adopt  policies, 
programmes,  and  methods  which  not 
only  will  take  care  of  the  present  high 
efficiency  lamp  situation,  but  which 
will  provide  for  any  increase  in  effi- 
ciencies in  the  weeks,  months,  and  years 
to  come. 

Ductile  tungsten  wire  has  been  pro- 
duced, and  it  is  a  most  reasonable 
expectation  that  the  high-class  Tungsten 
filament  lamps  ultimately  will  be  hardy 
and  capable  of  satisfactory  employ- 
ment in  houses  or  elsewhere  where  the 
supposed  fragility  has  been  argued 
against  them.  Every  customer  on  a 
Central  Station  circuit  will  ultimately 
purchase  and  use  lamps  of  this  character. 

Never  in  the  history  of  our  industry 
has  there  been  the  opportunity  which 
now  presents  itself  to  the  Central 
Station  for  increasing  the  number  of 
its  customers,  decreasing  the  cost  to 
each  of  them,  and  increasing  profit  to 
itself,  through  the  use  of  the  high  effi- 
ciency lamps. 
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Some  Notes  on  Opal  Shades  and  Screens  for  Gaslighting. 

By  An  ENGiNEEnmG  Correspondent. 


There  are  few  matters  more  closely 
connected  with  illuminating  engineering 
than  the  correct  choice  and  use  of 
shades  and  reflectors,  and  it  occurred  to 
the  author  that  a  few  remarks  dealing 
with  some  of  the  opal  shades  at  present 
constantly  used  in  connection  with  gas- 
lights would  be  of  interest.  This  subject 
was  recently  dealt  with,  among  other 
matters,  by  Mr.  J.  G.  Clark,*  and  it  is 
certainly  one  that  deserves  attention. 
It  may  be  admitted  that  there  is  still 
much  to  be  decided  in  connection  with 
the  proper  use  of  these  shades.  With 


observer  from  anything  in  the  nature 
of  objectionable  glare  from  the  source 
of  light,  and  it  should  also  assist  the 
functions  of  the  source  by  concentrating 
the  light  where  it  is  mainly  needed.  A 
great  deal  has  been  said  recently 
about  the  necessity  of  screening  naked 
lights  of  intense  brilliancy.  Several 
independent  decisions  have  been  arrived 
at  that  the  intrinsic  brilliancy  of  sources 
exposed  to  the  eye  at  moderately  close 
quarters  should  not  exceed  about  2i 
candles  per  square  inch,  and  it  might  be 
suggested  that  in  shop -windows,  where 
any  bright  surface  exposed  among  the 
goods  is  specially  distressing,  this 
rule  might  be  followed  with  advantage, 
especially  as  it  is  not  a  difficult  con- 


FlG.  2. 


Fig.  3. 


the  interesting  questions  affecting  artis- 
tic design  and  decorative  appliances 
it  is  not  i)roposed  to  deal  in  this  article. 
But  there  are  certain  anomalies  in  the 
every-day  use  of  the  ordinary  shades 
which  must  strike  anyone  passing 
along  the  streets  by  night. 

The  object  of  a  shade  is  usually  two- 
fold.   It  should  screen  the  eyes  of  the 


Jonrna  of  Oa-Hlighting,  April  26,  1910. 


dition  to  comply  with  in  the  great 
majority  of  cases.  Some  writers, 
it  is  true,  have  expressed  the  view 
that  even  this  figure  is  too  high,  but  if 
the  above  reasonable  figure  was  taken 
as  a  basis  for  the  present,  it  may  be 
safely  said  that  the  appearance  of  most 
shop-windows  would  not  suffer  but 
would  benefit  as  a  result. 

Special  comment  has  been  made  on 
the  great  intrinsic  brilliancy  of  the 
metallic  filament,  but  there  are  few 
artificial  sources  of  light  in  use  to-day 
wliich  do  not  exceed  the  above  limit, 
and  in  the  case  of  which  shading  is  not 
desirable  for  shop-window  illumination. 
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In  many  instances  it  is  not  so  much 
that  the  design  of  a  shade  is  funda- 
mentally wrong  as  that  it  is  misused. 
Take,  for  example,  that  shown  in  Fig.  1, 
which  is  a  very  common  form  in  gas- 
lighted  shop-windows. 

Used  in  this  way  a  part  of  the  mantle 
can  almost  always  be  seen  by  people 
looking  into  the  window.  All  that  is 
needed  to  remove  this  objection  is  to 
bring  the  shade  somewhat  lower  down, 
so  that  the  mantle  is  always  out  of  the 
line  of  sight.  On  the  other  hand,  the 
shade,  as  it  stands,  might  answer 
better  if  used  low  down,  for  desk  lighting 
for  example,  so  that  the  mantle  was 
properly  covered. 

The  same  remarks  might  be  applied 
to  the  shades  shown  in  Figs.  2  and  3. 
One  often  sees  two  such  shades,  identical 


0  0 
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Fig.  4. 

in  all  respects  except  that  the  upper 
portion  is  obscured  in  one  case  and  the 
lower  part  in  the  other,  used  under 
exactly  similar  circumstances.  Yet 
presumably  two  such  entirely  different 
arrangements  cannot  both  be  right. 
In  Fig.  2,  for  example,  the  obscured 
portion  is  apparently  intended  to  act 
as  a  reflector,  and  it  has  certain 
merits  from  this  standpoint.  Moreover, 
though  the  loss  of  light  in  absorption 
may  be  considerable,  it  has  the  advan- 
tage of  allowing  a  small  percentage  of 
light  to  emerge  upwards,  which  opaque 
reflectors  do  not.  On  the  other  hand 
the  mantle  is  left  only  very  imperfectly 
screened.  In  this  shade,  therefore, 
the  idea  of  screening  seems  to  have  been 
lost  sight  of,  the  main  conception  of  the 


shade  being  to  reinforce  the  Hght  down- 
words. 

In  Fig.  3  we  see  exactly  the  opposite 
idea.  The  obscuration  on  the  lower 
part  of  the  globe  will  protect  the  eyes 
from  the  direct  rays  of  the  mantle  ; 
on  the  other  hand  it  is  inevitable  that 
a  considerable  amount  of  light  would 
be  thrown  upward,  while  the  down- 
ward component  would  be  reduced. 

It  is  quite  possible  that  in  certain 
circumstances  both  these  devices  might 
be  found  satisfactory.  This,  however, 
is  not  always  appreciated  by  those 
into  whose  hands  they  fall,  and,  as 
stated  above,  they  appear  to  be  often 
used  indiscriminately. 

What  is  probably  a  much  more 
satisfactory  fixture  in  the  shop-window 
is  the  type  shown  in  Fig.  4.  The 
cup-like  opal  reflector  should  help 
to  throw  the  light  downwards  and, 
unless  used  at  a  very  high  level,  it  should 
also  serve  to  screen  the  mantle. 


Fig.  5. 


One  more  type  of  shade  worthy  of 
notice  is  that  shown  in  Fig.  5.  In  this 
case  it  has  apparently  been  recognized 
that  the  downward  component  of  the 
inverted  mantle  is  already  sufficiently 
strong  and  does  not  require  accentuat- 
ing. The  main  object  of  the  shade, 
therefore,  is  to  screen  the  mantle  and 
distribute  the  light,  but  advantage 
has  also  been  taken  of  the  illuminated 
surface  provided  to  put  in  the  name  of 
the  firm.  Naturally  the  shades  could 
be  effectively  used  for  other  notices 
regarding  goods,  special  sales,  &c. 

It  may  be  suggested  that  many 
shops  lighted  by  shades  of  this  kind 
would  be  the  better  for  a  little  expert 
supervision.  The  attitude  of  gas  com- 
panies towards  consumers  has  admit- 
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tedly  become  much  more  painstaking  of 
recent  years,  and  a  great  deal  more 
trouble  is  now  taken  to  ensure  that  the 
gas  supplied  is  really  well  used.  In 
many  such  cases  a  little  advice  as  to  the 
kind  of  shade  to  be  used,  and  its  position 
in  the  Avindow,  would  doubtless  be 
welcome.  The  matter  may  also  be 
commended  to  the  notice  of  gas- 
fitters.  There  seems  to  be  a  general 
recognition  that  the  education  of  fitters 
in  the  details  of  the  arrangement  of  lights 
is  a  matter  which  must  be  dealt  with  in 
the  near  future.  For  example,  in  the 
first  number  of  a  newly  issued  publi- 
cation devoted  to  gas  fight,  distribution, 
and  maintenance,  emphasis  is  placed 
on  the  insufficiency  of  really  well -trained 
fitters.  In  this  connection  it  is  asked  : — 
"Is  it  not  a  fact  that  if  500  men 
were  required  to  manage  small  gas- 
works  they    could   most    easily  be 


obtained.  But,  were  this  number  of 
fitters  required  to  take  charge  of  the 
fitting  departments  of  comparatively 
small  works,  it  would  be  difficult  to  ' 
find  even  a  dozen  men  having  the 
necessary  qualifications.  A  gasfitter 
must  not  only  be  trained  in  his  handi- 
craft, but  in  the  arrangement  of  light, 
and  must  be  able  to  suggest  appropriate 
lighting  schemes  for  all  the  various 
requirements  of  customers." 

There  can  be  no  question  that  the 
gas  industry  could  only  benefit  by  a 
more  general  knowledge  and  apprecia- 
tion of  the  simple  rules  of  good  lighting 
among  those  accustomed  to  installing 
gas  fittings  and  shades.  Only  some 
of  the  commonest  types  have  been 
mentioned  in  this  article,  the  more 
elaborate  designs  being  left  for  subse- 
quent discussion. 


CORRESPONDENCE 


The  Distribution  of  Energy  in  the  Spectrum  of  the  Moore 

Light. 


Dear  Sir, — I  have  followed  with 
great  interest  Dr.  Coblentz's  recent 
series  of  articles  dealing  with  the 
distribution  of  energy  in  the  spectra 
of  artificial  illuminants.  They  serve 
admirably  to  bring  out  the  differences 
in  the  nature  of  the  radiation  from  the 
various  sources  examined. 

There  is,  however,  one  source  of 
light  which  does  not  seem  to  have 
been  examined,  and  regarding  which 
much  might  be  learnt  by  a  study  of 
the  distribution  of  energy — namely,  the 
Moore  light.  I  understand  that  the 
carbon  dioxide  tube  is  claimed  to  give  a 
spectrum  closely  resembhng  that  of 
sunlight,  and  a  comparison  of  the 
nature  of  the  energy  curves  in  the  two 
cases  might  yield  most  interesting 
results.  In  addition  one  would  like 
to  know  what  kinds  of  invisible  energy 
arc  radiated  in  this  case  and  how  the 
In  ruinous  efficiency  compareB  with  that 


of  other  artificial  sources  of  light.  I 
have  seen  it  stated  that  nearly  a  third 
of  the  energy  produced  by  luminescent 
mercury  occurs  as  ultra-violet  light 
(though  much  of  this  is  degraded  into 
heat  by  the  encircling  glass  tube),  and 
one  might  naturally  suppose  that 
oscillatory  discharge  through  gases 
might  generate  energy  of  the  same 
description. 

One  thing  strikingly  brought  out  by 
Dr.  Coblentz's  curves  is  the  radical 
difference  in  distribution  of  energy 
throughout  the  spectrum  in  the  case 
of  luminescent  and  incandescent  mate- 
rials respectively.  Presumably  the 
Moore  tube  owes  some  amount  of  its 
light  to  both  these  processes,  though 
one  would  suppose  that  incandescence 
predominated,  seeing  that  an  approxi- 
mately continuous  spectrum  seems  to 
be  obtained.      I  am,  &c., 

I.  Wanterno. 
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Short  Notes  on  Illuminating  Engineering. 

From  all  Sources. 


Bailway  Carriages  and  Glare. 

What  can  we  think  of  a  railway  lighting 
installation  which  exposes  absolutely 
unshaded  filaments  of  high  intrinsic 
brilliancy  on  practically  the  same 
level  as  the  heads  of  the  unfortunate 
passengers  in  the  coach  ?  For,  let  it  be 
remembered,  not  many  of  the  lamps 
in  City  and  South  London  coaches  are 
perched  up  in  the  roof  :  the  majority 
appear  to  be  fixed  on  the  side  of  the 
coach  under  the  roof,  with  the  result 
that  to  look  anywhere  except  on  the 
floor  is  a  task  which  would  be  more 
pleasant  did  one  possess  a  pair  of  blue 
glasses.  And  this  is  1910,  and  an 
Illuminating  Engineering  Society  has 
been  running  for  over  twelve  months  ! 
Electrical  Indttstries,  Sept.  7th. 


Theatre  Exit  Lamps  and  Safety 
Precautions. 

Reliability  is  clearly  of  first  im- 
portance in  the  source  of  light  used  for 
exit  lamps  in  theatres,  &c.  It  is 
desirable  that  such  lights  should  be 
independent  of  the  main  lighting,  so  as 
to  be  unaffected  by  a  temporary 
breakdown.  For  this  reason  gas  has 
often  been  employed  in  such  cases,  so 
as  to  be  independent  of  a  failure  in  the 
electricity  supply.  The  value  of  dis- 
solved acetylene  for  "  emergency  light- 
ing "  in  theatres  has  also  been  pointed 
out,  and  there  are  on  record  case^  in 
which  a  special  separate  circuit,  with 
the  wires  run  through  fireproof  steel 
tubes  to  a  battery  of  accumulators 
in  the  basement,  has  been  adopted. 


A  recent  number  of  The  Electrical 
World,  however,  calls  attention  to 
an  installation  which  is  shortly  to  be 
fitted  in  a  Chicago  theatre,  with  a 
local  storage  battery  for  each  lamp, 
thus  making  the  equipment  at  each 
exit  self-contained  and  complete  in 
itself ;  no  external  piping  or  wiring 
is  required.  As  a  further  precaution 
against  interruption  of  light,  the  exit 
signs  will  be  provided  with  two  lamps, 
the  second  of  which  is  automatically 
switched  on  if,  from  any  cause,  the 
first  lamp  goes  out.  This  system  is 
stated  to  be  already  in  use  at  Berlin. 

An  Automatic  Acetylene  Lighthouse. 

The  Harbour  of  Guernsey  has  the  dis- 
tinction of  possessing  an  acetylene 
lighthouse  which  is  worked  automati- 
cally,  thus  dispensing  with  the  services 
of  an  attendant.  It  is  stated  in  the 
September  number  of  The  Acetylene 
Journal  that  a  lighthouse  at  the  en- 
trance to  the  harbour  has  long  been  a 
necessity,  but  lack  of  funds  and  the 
fact  that  the  rocks  were  too  small  for  an 
ordinary  lighthouse,  prevented  it  from 
being  built. 

These  difficuHtes  have,  however,  been 
overcome  in  the  new  lighthouse,  which 
is  equipped  with  an  acetylene  lamp 
system,  and  works  automatically, 
according  to  the  weather  and  the 
season,  thus  largely  reducing  the  operat- 
ing expenses.  If  this  installation  proves 
successful,  it  should  lead  to  the  adoption 
of  the  system  in  many  cases  where 
lighthouses  are  dangerously  isolated, 
and  where  the  shipping  of  supplies  in 
time  of  storm  is  sometimes  impossible. 
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Localized  Lighting  of  Machines. 

Reference  was  made  in  our  last  num- 
ber to  the  importance  of  localized  light- 
ing for  machine  tools,  &c.,  in  factories. 
The  illumination  of  an  emery  wheel, 
as  shoAMi  in  the  accompanying  illustra- 
tion, is  a  case  in  point.    An  8  candle - 


cent  is  secured  at  once  by  this  arrange- 
ment when  compared  with  a  bare 
16  candle-power  lamp  such  as  would 
probably  be  used  in  old-fashioned 
shops  ;  and  this  quite  apart  from  the 
great  increase  in  the  effectiveness  of  the 
lighting,  and  convenience  to  the  opera- 
tor. 


power  lamp,  fitted  with  a  Holophane 
steel  reflector  concentrates  the  illumina- 
tion on  the  face  of  the  wheel  ;  and 
screens  the  source  itself  from  the  eye 
of  the  worker.  This  is  an  important 
item  in  the  case  of  work  of  this  kind, 
as  the  ability  of  the  workman  to  turn 
out  good  work  depends  upon  his  being 
able  to  see  exactly  what  he  is  doing 
without  being  distressed  by  the  glare  of 
adjacent  bright  lights.  In  order  to 
provide  for  the  lighting  of  the  edges, 
the  fitting  is  capable  of  a  slight  lateral 
movement  on  a  sliding  arm,  enabling 
the  light  to  be  thrown  on  either  face  as 
desired.  It  is  pointed  out  in  Industrial 
Engineering,  from  which  the  illustra- 
tion is  taken,  that  a  saving  of  50  per 


Illuminated  Signs  for 
Cab  Calls. 

The  latest  adaptation  of  the  electric 
sign,  as  described  in  The  Electrical 
Field  for  August,  is  not  an  advertise- 
ment device,  or,  strictly  speaking,  a 
notice.  It  serves  to  call  a  cab  to  the 
door  of  an  hotel  when  desired,  without 


the  ear -piercing  whistle  which  we  have 
endured  for  so  long.  The  sign  carries 
three  letters,  "  T,"  "  H,"  and  "  F," 
indicating  "  taxicab,"  "  hansom,"  and 
"  four-wheeler  "  respectively,  and  an 
arrow  pointing  downwards  to  the  place 
where  the  cab  is  required.  Each  letter 
is  illuminated  by  a  50  c.-p.  lamp,  and 
three  switches  for  control  are  placed  in 
the  hotel  entrance  to  be  operated  by  the 
hall  porter  when  required.  The  arrow 
is  illuminated  at  the  same  time  as  the 
particular  letter  selected.  A  sign  8  in. 
wide  by  2  ft.  6  in.  deep,  of  the  type 
illustrated  here,  is  in  use  over  the 
entrance  to  the  Carlton  Hotel,  and  we 
understand  that  additional  ones  are 
shortly  to  be  provided. 


SHORT  NOTES  ON  ILLUMINATING  ENGINEERING. 
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The  Contractor  and  the  Sale  of 
Illumination. 

I  AM  convinced  that  excellent  business 
awaits  the  contractor  who  will  go 
round  his  old  customers  and  sell  them 
a  little  illuminating  engineering.  Brisk 
trade  has  been  done  in  new  lamps  for 
old — why  not  in  new  illumination  for 
old  ?  Any  one  who  likes  to  look 
will  find  in  hotel  after  hotel,  shop  after 
shop,  restaurant  after  restaurant,  house 
after  house,  the  simplest  principles  of 
sensible  lighting  violated  in  the  most 
thoughtless  way.  If  I  were  not  an  old 
man,  I  would  like  to  start  a  business 
which  would  have  no  other  object  than 
making  money  by  overhauling  systems 
of  illumination.  Thousands  of  house- 
holders and  shopkeepers  could  be  given 
better  light  by  a  few  simple  changes  in 
equipment. — Electrical  Industries,  Sep- 
tember 7th. 

Colour  Contrast  and  Background. 

Anyone  with  experience  of  photo- 
metry is  aware  of  the  difficulty  of 
causing  the  dividing  line  between  the 
photometrical  surfaces  to  disappear 
completely.  In  order  that  this  may  be 
the  case  it  is  not  only  necessary  that 
the  dividing  line  should  be  sharp  and 
clean,  but  also  that  the  two  surfaces 
should  be  at  once  equally  bright  and  of 
the  same  colour.  The  tendency  to 
brightness  in  advertisement  signs  is 
largely  due,  in  all  probability,  to  the 
instinct  for  creating  a  vivid  contrast 
in  illumination ;  more  recently  a 
liberal  use  has  been  made  of 
colour  with  this  object,  for  example, 
in  the  illuminated  signs  now  in- 
stalled on  some  of  the  underground 
railways. 

It  is,  however,  not  always  appreciated 
how  difficult  it  is  to  distinguish,  at  some 
little  distance,  an  object  which  has 
exactly  the  same  tint  as  its  surround- 
ings. In  a  fairly  weak  light,  objects  of 
this  kind  can  disappear  with  amazing 
completeness.  An  interesting  illustra- 
tion of  this  principle  is  provided  by  the 
recent  experiments  with  uniforms  of 
different   materials   in   the  German 


army,  the  idea  being  to  secure  the  tint 
which  would  be  the  least  visible  against 
the  normal  summer  and  winter  back- 
ground. As  a  result  a  kind  of  grey- 
green  was  adopted.  It  is  said  that  in 
the  recent  manoeuvres  a  section  of  one 
of  the  contending  armies  managed  to 
delude  the  scouts  of  the  enemy  by 
virtue  of  this  effect.  They  erected 
sham  fortifications  which  could  easily 
be  seen  from  above,  while  the  men,  in 
another  part  of  the  field,  in  their  grey- 
green  uniforms,  could  not.  Conse- 
quently the  enemy's  airship,  hovering 
overhead,  was  completely  misled  as  to 
their  whereabouts,  and  a  very  successful 
ambuscade  was  the  result. 

Moving  Pictures  on  the  Tubes. 

According  to  The  Morning  Leader,  an 
interesting  experiment  is  to  be  made  on 
the  Great  Northern  and  City  Tube 
Railway  (London).  The  suggestion  is 
that  a  series  of  appropriate  pictures 
should  be  placed  at  intervals  along  the 
tube  so  that,  when  seen  in  rapid  suc- 
cession by  the  passengers'  in  the  moving 
train,  a  cinematographic  effect  is  pro- 
duced. The  arrangement  in  fact  is  to 
resemble  in  principle  the  ordinary 
cinematograph  entertainment,  except 
that  the  observer  moves  and  the  pic- 
tures in  this  case  are  stationary. 

The  method  is  to  be  adopted  for 
advertising  purposes,  the  series  of 
pictures  being  from  300  to  600  ft.  long. 
They  will  be  illuminated  partly  by  the 
lights  of  the  passing  train  and  partly 
by  special  lamps  which  are  automa- 
tically brought  into  action  as  the  train 
passes.  They  will  be  placed  only  in 
those  parts  of  the  tube  where  the  speed 
of  the  train  approaches  15  miles  an  hour; 
this,  it  is  thought,  will  be  sufficient  to 
enable  the  true  cinematographic  effect, 
without  abrupt  discontinuity,  to  be 
obtained. 

Of  course,  it  is  recognized  that 
there  is  the  possibiUty  that  the  fiving 
pictures  so  produced  may  not  please  all 
travellers.  But  in  this  connection  it  is 
stated  that  "  The  verdict  rests  with  the 
public," 
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Lighting  a  Baseball  Ground. 

Another  example  of  artificial  illumina- 
tion of  athletic  arenas  is  described  in 
a  recent  number  of  the  Electrical 
Review  of  New  York,  namely  the  newly 
opened  baseball  ground  in  Chicago, 
which  is  illuminated  by  a  series  of  flame 
arc  lamps.  A  number  of  different  games, 
such  as  baseball,  football,  and  lacrosse, 
seems  to  have  been  played  with  success 
by  artificial  light. 

The  problem  of  lighting  a  large  arena 
like  this,  in  such  a  way  as  to  suit  the 
needs  of  both  players  and  spectators,  is 
a  somewhat  difficult  one.  A  high 
general  illumination  is  wanted  to 
enable  the  spectators  to  watch  the  game. 
It  is  also  essential  in  such  games  as 
those  enumerated  above  that  the  ball 
should  be  illuminated  and  visible  to 
players  and  spectators  when  it  rises 


to  a  considerable  height ;  yet  the  lights 
must  be  arranged  so  that  there  is  no 
inconvenient  glare  when  the  eye  looks 
upward  in  trying  to  follow  the  ball. 
This  last  compromise  seems  to  have 
been  mainly  attained  by  the  use  of 
approximately  horizontally  directed 
searchlight  beams,  so  that  the  light, 
striking  sideways,  would  illuminate 
anything  in  the  area  covered  and  yet 
would  never  enter  the  eyes  of  the  people 
below. 

Other  lights,  placed  very  high  up, 
were  utilised  to  illuminate  the  arena. 
The  ground  illumination  is  said  to  have 
exceeded  3  foot-candles,  and  the  players 
are  reported  to  have  declared  that 
the  inconvenience  caused  by  looking 
at  such  distant  lights  as  were  inevitably 
visible  to  the  eye  was  at  least  less  pro- 
nounced than  would  have  been  the 
case  in  ordinary  bright  sunlight. 


The  Difference  in  the  Play  of  Shadow 
by  Natural 
and  Artificial  Illumination. 

The  illustration  on  the  opposite  page 
(for  the  use  of  which  we  are  indebted 
to  the  courtesy  of  the  Editor  of  the 
Architectural  Journal),  presents  another 
interesting  example  of  the  difference 
in  the  distribution  of  dajdight  and 
artificial  illumination,  as  ordinarily 
used. 

The  figure  shows  a  corridor  in  the 
building  devoted  to  the  Bristol  Public 
Library.  It  is  satisfactory  to  note,  in 
passing,  that  the  electric  lamps  have 
in  this  case  been  provided  with  a  cover- 
ing shade  intended  to  screen  the 
filament  from  the  eyes  of  those  passing 
underneath.  It  will  be  observed  that 
the  daylight  illumination  is  exclusively 
derived  from  the  row  of  windows  on  the 
left,  whereas  the  artificial  sources  are 


located  at  the  summits  of  the  arches. 
Naturally  one  would  imagine  that  this 
would  give  rise  to  quite  different 
conditions  of  shadow  and  distinct 
architectural  impressions,  though  the 
light  tint  of  the  surroundings  might 
in  this  case  help  to  smooth  away  such 
differences. 

The  question  must  arise  in  the  case 
of  many  buildings  of  architectural 
importance  whether  the  design  is 
intended  to  be  regarded  solely  from 
the  standpoint  of  daylight  effects.  The 
lighting  of  churches  will  occur  to  our 
readers  as  an  extreme  example  of  this. 
It  will  be  recalled,  however,  that  Mr. 
Leonard  Stokes,  the  President  of  the 
Royal  Institute  of  British  Architects, 
has  put  on  record  his  opinion*  that  the 
main  thing  to  be  considered  in  lighting 
such  an  interior  is  not  the  effect  on  the 
architecture  but  the  needs  of  the  con- 
gregation. 

*  Ilium.  Eng.,  Lond.,  Feb.,  1909,  p.  136, 
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Church  Lighting  Fixtures. 


Below  will  be  found  a  view  of  the 
baptistry  of  the  small  church  of  St. 
Barnabas,  Shackle  well,  London.  The 
architect  is  Prof.  C.  H.  Reilly,  M.A., 
A. R.I. B. A.,  of  Liverpool,  to  whose 
courtesy,  as  well  as  to  that  of  the  Editor 
of  The  Architects'  and  Builder's  Journal, 
we  are  indebted  for  permission  to  use 
this  illustration. 

The  church  in  question  is  referred  to 
by  our  contemporary  as  exceptionally 
interesting  both  constructionally  and 


ciated  with  the  traditions  of  the 
past,  and  one  would  imagine  that  the 
adaptation  of  the  design  to  electric 
lighting  would  call  for  nice  discrimina- 
tion in  the  choice  of  lamps  and  fittings 
in  order  to  avoid  a  sense  of  incongruity. 
Presumably  the  use  of  the  metallic 
filament  lamps  shown  hanging  from  the 
ring  without  shades  is  merely  temporary. 

We  should  also  have  supposed  that 
a  form  of  fixture  less  purely  utilitarian 
than  the  simple  opal  shade  and  ceiling 


Fig.  1.— Portion  of  Church  of  St 
By 

from  the  standpoint  of  architectural 
design,  but  the  arrangement  of  the 
lighting  fixtures  in  the  part  of  the 
church  here  shown  struck  us  as  being 
worthy  of  comment. 

It  will  be  noted  that  two  ring-shaped 
fixtures  are  to  be  seen  on  either  side 
of  the  baptistry,  presumably  a  modern 
development  of  the  old  chandeliers 
of  this  kind,  round  the  circumference 
of  which  small  fat  and  oil  lamps 
were  placed  at  frequent  intervals. 
Such    a   fixture,  therefore,    is  asso- 


.  Barnabas,  Shacklewell,  London. 

the  courtesy  of  The  Architects'  and  Builders'  Journal. 

rose  shown  might  profitably  have  been 
utilized  in  the  recess,  but  no  doubt 
economy  was  a  ruling  consideration. 
It  would  be  helpful  to  engineers  if 
architects  would  interest  themselves  to 
a  greater  degree  in  this  question  of 
fixtures  for  churches.  There  seems  a 
need  for  more  definite  rulings  as  to 
what  is  fitting  in  such  cases,  and  more 
complete  directions  as  to  the  best 
methods  of  utilizing  such  compara- 
tive iimovations  as  electric  light  in 
interiors  of  architectural  interest. 
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TRADE  NOTES. 

[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


The  Westinghous 

In  these  columns  references  have  fre- 
quently been  made  to  the  development 
of  the  quartz  tube  mercury  lamp.  It 
has  been  stated  that  by  the  aid  of  a 
small  tube  of  quartz,  which  is  able  to 
stand  a  much  higher  temperature  than 
an  ordinary  glass  tube,  a  much  more 
efficient  form  of  lamp  can  be  obtained,  and 
there  is  the  incidental  advantage  that  the 
colour  of  the  light  is  much  improved. 

A  lamp  constructed  on  these  lines 
may  now    be    seen    on    view  outside 


Fig.  1. 


the  offices  of  the  Westinghouse  Cooper 
Hewitt  Company  (151-152,  Great  Saffron 
Hill,  Holborn  Circus,  London,  E.G.). 
It  is  stated  to  yield  3,000  candle-power. 
The  most  striking  thing  about  its  appear- 
ance is  that  the  light,  unlike  that  of  most 
arc-lamps,  appears  to  be  distributed  over 
a  uniformly  illuminated  globe  14  in.  in 
diameter,  with  the  result  that  a  light  of 
low  intrinsic  brilliancy,  giving  very 
*'  soft  "  shadows,  is  obtained.    The  colour 


e  "Silica"  Lamp. 

of  the  light  is  bluish  white,  the  peculiar 
tint  characteristic  oi  the  Cooper  Hewitt 
lamp  being  here  much  less  noticeable. 

The  general  appearance  of  the  lamp 
will  be  gathered  from  Fig.  1,  the  com- 
ponent parts  being  shown  in  Fig.  2. 
The  overall  length  is  23  in.  The  outer 
opal  globe  contains  the  small  quartz  tube 
A,  which  is  started,  on  the  application 
of  the  supply  P.D.,  by  an  eletromagnetic 
rocking  device  B,  and  contains  lumi- 
nescent mercury  vapour.  After  the  tube 
has  been  drawn  up  and  the  lamp  started 
the   current    flows   through    the   coil  i 


Fig.  2. 


which  cuts  out  of  circuit  the  rocking 
solenoid  B.  There  is  also  a  steadying 
resistance,  R,  in  series  with  the  tuLe. 
The  250  volt  lamp  is  listed  to  con- 
sume about  3*5  amperes  and  to  give 
a  mean  hemispherical  candle-power  of 
over  3,000  c.-p.,  at  a  specific  consump- 
tion of  0*25  watts  per  c.-p.,  inclusive 
of  the  drop  in  the  resistance  (about 
100  watts).  Fig.  3  shows  the  actual 
distribution  of  the  light,  the  maximum 
of  4,500  c.-p.  occurring  at  65  to  70  degrees. 
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It  will  be  observed,  moreover,  that  the 
light  is  distributed  over  a  wide  angle  in 
the  lower  hemisphere. 

Besides  the  advantages  of  low  intrinsic 
brilliancy  and  high  efficiency  mentioned 
above,  there  are  other  merits  claimed 
for  the  lamp.  It  is  pointed  out,  for 
example,  that  there  is  no  need  for  the 
recarboning  and  constant  attention  which 
arc-lamps  require,  and  this,  quite  apart 
from  the  saving  in  cost  of  electrodes  and 
maintenance,  is  an  item  to  be  considered 


by  shopkeepers  and  others  more  or  less 
unfamiliar  with  electrical  details.  There 
is  also  no  danger  of  rapid  obscuration  of 
the  globe  by  the  deposit  of  fumes.  It  is 
stated  that  the  quartz  tube  itself  is 
practically  indestructible,  and  that  the 
candle-power  of  a  lamp  only  decreases 
very  gradually  with  life.  Although  a 
life  of  1,000  hours  is  guaranteed,  the 
average  life  is  said  to  approach  nearer 
2,000  hours,  and  a  representative  of  The 
Illuminating  Engineer  was  informed  that 
14  of  these  lamps  in  Paris  had  actually 


burned  without  attention  for  over  10,000 
hours.  When,  however,  a  tube  eventually 
fails  through  deterioration  of  the  vacuum 
it  can  be  readily  and  cheaply  repaired. 
It  may  be  added  that  the  tube  itself  is 
by  far  the  most  expensive  item,  being 
half  the  entire  cost  of  the  lamp. 

Another  point  on  which  stress  is  laid 
is  the  steadiness  of  the  lamp,  and  the 
absence  of  any  feeding  mechanism.  By 
a  special  contraction  of  the  neck  of  the 
tube  the  lamp  is  rendered  independent 


CP. 
CP. 


of  any  ordinary  fluctuation  in  voltage, 
and  it  is  stated  that  it  will  operate 
equally  well  should  the  pressure  rise  or 
fall  even  as  much  as  10  per  cent. 

A  table  is  presented  by  the  company 
showing  the  comparative  economy  of  this 
lamp  and  various  flame  arcs.  According 
to  this,  assuming  that  the  quartz  tube 
only  lasts  the  guaranteed  time  of  1,000 
hours,  the  total  running  cost  per  1,000 
(hemispherical)  c.p.  hours  works  out  to 
about  1*3  pence  with  energy  at  Zd. 
per  k.w. 


Pij    Pl|   p|   PlI    Ph'  .  Qm    Ph'  Pm  oJ 

o  ^  ^  d>  ^  zi  ^      do  do  odd 


60"       70°      80«     90®     80°      70°  60° 

Fig.  3. 


Tantalum  Lamps,  Holophane  Reflectors,  &c. 


Messrs.  Siemens  Brothers  Dynamo  Works, 
Limited,  of  Tyssen  Street,  Dalston, 
London,  N.E.,  inform  us  that  they  will 
shortly  be  placing  on  the  market  a  series 
of  18  new  prismatic  reflectors  of  the 
Holophane  type,  specially  adapted  for 
use  with  "  Tantalum  "  lamps.  These  re- 
flectors, it  is  stated,  will  bo  of  novel 
design,  and  will  range  in  price  from  3s.  to 
12.8.  each  ;  the  larger  and  more  expensive 
sizes  will  be  verv  suitable  for  Messrs. 
Siemens'  new  One-watt  "  100  c.-i). 
lamps. 


Our  attention  is  also  drawn  to  the 
publications  of  the  firm  in  which  theit 
various  well-known  posters  are  repro- 
duced in  small  size.  The  firm  are  also 
supplying  a  five-coloured  card  giving 
reduced  facsimiles  of  all  types  of  literature 
which  they  overprint  in  quantities,  with 
the  contractor's  name  and  address,  free 
of  charge.  This  includes  postcards  and 
three  or  four  types  of  adhesive  labels 
supplied  for  attaching  to  correspondence. 
Those  interested  are  invited  to  apply 
to  the  publication  department  of  the 
firm  at  the  above  address. 


TRADE  NOTES. 


"HANDSHIELD"  FITTINGS. 

We  have  received  from  the 
British    Central    Electrical  Co. 

(17,  Hatton  Garden,  London, 
E.G.),  a'  list  illustrating  their 
**Handshield'*  fittings,  which 


Fig.  1.— "  Handshield "  Plug-fittin 


have  been  designed  to  meet  the 
new  Home  Office  Regulations. 
It  will  be  seen  from  the  illus- 
tration of  an  adapter  which  we 
reproduce   here   that    there  is 
a  substantial    insulated  flange 
between  the  handle  and  the  point  at 
which  the  flexible  wires  enter  ;  this  serves 
the  double  purpose  of  protecting  the  user 
from  shock,  and  rendering  the  flexible  less 
liable  to  damage. 


INCANDESCENT  OIL  AT  BRUSSELS. 

We  are  informed  that  the  exhibit  of 
safety  incandescent  oil  lamps  of  the 
"  Blanchabd  "  type,  manufactured  by 
the  Gas  Economising  and  Improved 
Light  Syndicate,  Ltd.  (138,  Leadenhall 
Street,  London,  E.G.),  was  awarded  a 
gold  medal  at  the  Brussels  Exhibition. 


THE  "  QU ARTZLITE  "  LAMP. 

Yet  another  type  of  lamp  recently 
introduced  which  employs  a  small  quartz 
tube  containing  luminescent  mercury 
is  the  "  QuARTZLiTE  lamp  made  by  the 
Brush  Electrical  Co.  (l,Kingsway,  London, 
W.C.).  The  lamp  is  stated  to  be  made 
for  direct  current  circuits  from  100  to 
150  and  200  to  250  volts,  the  rated  candle- 
power  in  the  two  cases  being  1,800  and 
2,500  respectively,  and  the  average 
efficiency  claimed  4  candles  per  watt. 
In  this  case  also  the  quartz  tubes  are 
guaranteed  to  last  for  over  1,000  hours. 

This  lamp  is  specially  recommended  for 
use  in  illuminating  harbours,  docks,  ship- 
yards, and  other  open  spaces.  Its  general 
appearance  will  be  understood  from  the 
illustration  above. 
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The  Association  of  Engineers-in-Charge. 

Annual  General  Meeting. 


At  the  Annual  General  Meeting  of  the 
Association  of  Engineers-in-Charge,  the 
Chairman,  Mr.  A.  E.  Penn,  was  able  to 
give  a  very  satisfactory  account  of  the 
Association  from  all  jDoints  of  view,  and 
the  statement  of  accounts  presented  by 
the  Hon.  Secretary,  Mr.  Hy.  Capsey, 
was  well  received  and  adopted  unani- 
mously. 

The  whole  of  the  retiring  Councillors, 
the  Auditors,  and  the  Hon.  Secretary 
(Mr.  H.  Capsey),  Treasurer  (Mr.  H. 
Swann),  and  Librarian  (Mr.  J.  Ryan) 
were  re-elected,  and  a  most  cordial  vote 
of  thanks  was  accorded  these  officers 
for  their  past  services  ;  a  similar  compli- 
ment was  also  paid  to  Mr.  W.  T.  Pickett 
and  Mr.  W.  H.  Ball,  Chairman  anel  Hon. 
Secretary  respectively  of  the  Social  Com- 
mittee, for  their  untiring  efforts  to  promote 
the  social  welfare  of  the  Association. 


The  Chairman,  in  returning  thanks  for 
their  re-election,  announced  that  the 
President -Elect  was  Capt.  H.  Riall  Sankey, 
R.E.  (retired),  M.Inst.C.E.,  &c.,  whom 
they  all  so  well  knew  and  held  in  such 
high  esteem,  and  that  when  the  time 
came  for  taking  up  his  position  they 
would  find  him  prepared  with  a  most 
excellent  address.  Their  duty  to  Capt. 
Sankey  was  to  make  his  year  of  office 
equally  as  successful  as  that  they  had 
enjoyed  under  the  Presidency  of  Mr. 
Adams,  whose  expressed  desire  was 
that  it  should  be  excelled  if  possible. 

The  meeting  terminated  after  sundry 
matters  were  disposed  of  under  general 
business,  and  a  reference  to  the  forth- 
coming visit  to  the  Naval  Exhibition 
on  the  24th,  and  the  paper  to  be  read 
on  that  occasion,  particulars  of  which 
are  also  given. 


The  Northampton  Institute. 

We  have  before  us  the  programme  of  the  Northampton  Institute,  ClerkenwelJ, 
London,  E.C,  for  the  coming  session.  We  note  that,  as  on  previous  occasions,  a  course 
of  lectures  dealing  with  '  The  Production  and  Measurement  of  Light '  is  to  be  included 
in  the  syllabus,  and  we  understand  that  the  work  in  connexion  with  technical  optics 
is  to  be  extended.  A  feature  of  the  Institution  is  the  new  generating  station,  which 
has  just  been  completed,  at  a  cost  of  £6,000,  for  the  benefit  of  the  Electrical  Engineering 
Department,  and  which  will  be  formally  opened  on  the  12th  of  October  by  the  Chairman 
of  the  London  County  Council.  It  will  also  be  recalled  the  position  vacated  by  Dr. 
C.  V.  Drysdale  in  this  department  is  to  be  filled  by  Mr.  F.  M.  Denton,  whose  appoint- 
ment we  announced  some  time  ago. 


(Founded   in   London,  1909,) 

PAPERS  FOR  NEXT  SESSION. 

It  is  anticipated  that  the  first  two  papers  of  the  coming  session  will  be  ns 
follows  : — 

THE  PRESENT  STATUS  OF  GAS  LIGHTING.  By  Mr.  F.  W.  Goodenough. 
RECENT  PROGRESS  IN  ELECTRIC  LIGHTING.    By  Prof.  E.  W.  Marchant. 

The  date  provisionally  fixed  for  the  first  meeting  is  Tuesday,  November  8th  ; 
further  information  will  be  sent  to  members  shortly. 
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ILLUMINATION  AND  PHOTOMETRY. 

The  chief  items  of  the  past  month,  in 
connexion  with  illuminating  engineering, 
are  the  papers  read  in  connexion  with  the 
Congres  International  des  Maladies  Pro- 
fessionnelles  and  the  Royal  Sanitary 
Institute,  to  which,  however,  reference  is 
made  elsewhere  in  this  number.  The 
papers  by  L.  Gaster,  F.  Massarelli,  Dr. 
F.  Terrien,  Dr.  A.  Broca,  and  others  at 
the  former  gathering,  dealt  with  the 
hygiene  of  eyesight  and  the  application 
of  sanitary  and  hygienic  23rinciples  of  the 
Lighting  OF  Factories.  The  jDaper  by 
J.  Darch  read  at  the  Royal  Sanitary 
Institute  Congress,  is  reported  in  a 
number  of  papers  ;  it  lays  stress  mainly  cn 
the  desirability  of  shading  sources  of 
light  and  making  use  of  reflection  from 
light-tinted  surfaces. 

A  number  of  interesting  papers  also 
appear  in  the  American  journals.  An 
article  by  Dr.  F.  A.  McDermott  {Popular 
Science  Monthly,  August)  deals  with 
Physiologic  Light  in  a  popular  manner, 
discussing  the  phosjohorescent  effects  of 
various  insects  and  decaying  materials 
and  the  possibility  of  eventually  making- 
use  of  them  in  practice.  Several  con- 
tributions deal  with  the  Lighting  of 
PiCTUBE  Galleries,  a  general  diffused 
illumination  being  recommended. 

The  subject  of  Street  Lighting  is 
also  well  to  the  fore.  L.  Bell  {Electrical 
Review,  N.Y.,  September  10)  gives  a 
summary  of  recent  progress  in  this 
direction,  while  the  Westminster  decision 
is  still  the  subject  of  much  comment  in 
the  technical  press  of  Great  Britain. 
Another  interesting  problem  is  the  Illu- 
mination OF  Bowling  Greens,  which  is 
dealt  with  by  W.  E.  Rhodes  in  The 
Electrical  Review  (London)  of  September 
2nd  ;  this  contribution  would  be  rendered 
more  interesting,  however,  by  further 
details  of  the  intensity  of  ilkunination 
and  the  method  of  shading  the  eyes  of 
the  players. 

The  Lighting  of  Schools  is  considered 
in  a  general  article  in  The  Electrical  World 
(September  8),  in  which  stress  is  laid  on 
the  many  purposes  for  which  light  is 
needed  besides  merely  lighting  the  desks. 
Insufficient  attention  is  often  paid  to  the 
black-boards,  for  example.  We  are  still 
in  want  of  more  precise  data  as  to  the 


intensity  of  illumination  required  to 
enable  diagrams  to  be  seen  at  some  little 
distance.  An  interesting  abstract  is  given 
in.  The  Electrical  Review,  N.Y.  (September 
10),  of  a  paper  dealing  with  the  lighting 
arrangements  in  the  studies  of  the  cadets 
at  the  American  Naval  College  at  Anna- 
polis. It  is  interesting  to  find  that  the 
authorities  are  taking  this  matter  up,  and 
that  the  paper  in  question  (which  origin- 
ally appeared  in  a  magazine  devoted 
to  naval  matters)  was  written  by  an 
engineer  and  medical  man  in  co-operation. 
The  Oesterr.  Ungar.  Installateur  for  Sep- 
tember 17  publishes  an  interview  with 
Prof.  W.  Wedding,  who  reviewed  the 
progress  in  different  illuminants  and 
tried  to  suggest  the  purposes  for  which 
each  is  best  suited.  He  also  lays  stress 
on  the  need  for  improvements  in  methods 
of  producing  a  mild  general  illumination 
rather  than  very  powerful  concentrated 
sources. 

Turning  to  articles  on  photometrical 
subjects,  mention  may  be  made  of  the 
contribution  by  Dr.  E.  P.  Hyde  on  the 
Physical  Laboratory  of  the  National 
Electric  Lamp  Association  {Electrical 
Review,  N.Y.,  September  10),  in  which 
an  account  is  given  of  the  equipment  and 
work  to  be  carried  out  under  his  super- 
vision. Dr.  H.  E.  Ives  {Electrical  Review, 
N.Y.,  September  10)  reviews  the  Status 
OF  Heterochromatic  Photometry. 
After  pointing  out  the  inherent  and 
inevitable  difficulties  in  the  subject 
he  comes  to  the  conclusion  that  some 
general  agreement  on  a  more  or  less 
arbitrary  method,  such  as  the  use  of 
tinted  glasses  recently  recommended  by 
the  Bureau  of  Standards,  is  desirable. 
C.  C.  Paterson  and  H.  Rayner  {Electrician, 
August  26)  give  some  details  of  Com- 
parative Tests  on  Glowlamps  under- 
taken at  the  National  Physical  Laboratory 
of  the  Bureau  of  Standards,  the  object 
being  to  see  what  order  of  consistency 
between  the  results  of  the  two  laboratories 
was  possible.  Favourable  results  are 
recorded  regarding  short  life  tests  at  a 
voltage  above  the  normal. 

Lastly  mention  should  be  made  of  an 
interesting  article  by  W.  T.  Yivian  and 
G.  W.  Huey  {Electrical  World,  N.Y., 
August  18),  who  describe  experiments 
on  a  Portable  Phosphorescent  Photo- 
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METER.  The  idea^is  to  replace  the  usual 
small  glow-lamp  and  accumulator  by  a 
surface  coated  with  phosphorescent  paint, 
but  there  are  several  difficulties.  For 
example,  the  light  given  out  decreases 
rapidly  after  exposure,  and  the  brightness 
of  the  surface  depends  on  the  tempera- 
ture so  greatly  that  it  was  found  necessary 
to  keep  the  screen  at  the  temperature  of 
melting  ice. 

ELECTRIC  LIGHTING. 

One  of  the  most  interesting  articles 
during  the  past  month  has  been  the 
interview  of  Dr.  Cooper  Hewitt  which 
appears  in  The  Electrical  Review  of  New 
York  (September  10).  This  inventor 
claims  to  have  produced  a  kind  of  re- 
flector, which  when  used  with  mercury 
vapour  lamps  supplies  the  missing  part 
of  the  spectrum,  and  yields  a  quality  of 
light  closely  resembling  daylight.  The 
method  consists  in  coating  a  white 
difiusing  surface  with  various  materials, 
which  become  fluorescent  in  the  light  of 
the  mercury  lamj^,  converting  the  short 
wave  radiation  into  light  of  reddish  tint. 

Electrical  journals  in  Great  Britain 
contain  particulars  of  the  "  Silica  and 
"  QuABTZLiTE  Lamps,  recently  put 
on  the  market  in  this  country,  both  of 
which  are  examples  of  mercury  vapour 
lamps  utilizing  the  new  small  quartz 
glass  tube.  A  specific  consumption  of 
about  0*25  watts  per  candle  is  claimed, 
and  the  light  is  stated  to  be  much  whiter 
than  that  of  the  mercury  vapour  lamp. 
The  tube  is  guaranteed  to  last  without 
attention  for  over  1,000  hours,  though 
some  tubes  have  lasted  much  longer. 

We  also  note  a  description  {Electrical 
World,  September  1)  of  a  method  of  artifi- 
cially lighting  arenas  so  that  baseball  and 
other  sports  can  be  carried  out  by  artificial 
light.  It  is  said  that  players  experienced 
no  difficulty  in  catching  the  ball,  &c., 
and  that  games  were  played  out  with  a 
speed  which  would  be  considered  favour- 
able under  daylight  conditions  ;  it  is 
therefore  claimed  that,  in  spite  of  the 
bright  illumination,  the  interference  due 
to  glare  could  not  have  been  more  Serious 
than  in  the  daytime. 

A  number  of  articles  dealing  with 
metallic  filament  lamps  are  to  be  recorded  : 
thus  J.  S.  Merril,  in  the  Proceedings  of  the 
American  Institute  of  Electrical  Engineers 
for  Soi)temyjer,  gives  very  full  data  regard- 
ing life  tests,  and  presents  the  usual  curve 
illustrating  the  properties  of  such  lamps. 
Some  ini(;ro-ph()tograj)hs  are  also  given, 
showing  how  various  filaments  change 
in  the  course  of  their  life. 

Among  other  articles  dealing  with  the 
tochnicalitios  of  the  metallic  filament 


lampVe''niay  note  that  of  G.  B.  Barham 

{Electrical  Times,  September  1),  who 
describes  different  methods  of  making 
joints  between  the  filament  and  the 
leading  in  wires.  The  use  of  Tungsten 
Lamps  for  Street  Lighting  also  receives 
attention  in  The  Electrician  (September 
23)  and  other  papers,  the  experiences  of  a 
large  number  of  central  station  engineers 
and  others  being  quoted.  The  Zeitschrift 
fiir  Beleuchtungswesen  refers  to  the 
"Wotan  lamp'';  this  name  is  given  to 
lamps  in  which  drawn  tungsten  is  em- 
ployed, and  is  said  to  be  derived  from 
the  words  Wolfram  and  Tantalum,  the 
idea  being  that  the  efficiency  of  a  tungsten 
filament  is  combined  with  the  strength 
of  a  tantalum  one. 

Finally  we  may  mention  the  serial 
contributions  of  the  Zeitschrift  fiir 
Beleuchtungswesen  dealing  with  new  types 
of  arc  lamps,  and  a  descriptive  article 
in  the  Revue  des  ^dairages  describing  the 
Moore  lamp. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

There  are  not  many  novel  articles  on 
this  subject  to  be  recorded.  The  dis- 
cussion as  to  the  Westminster  street- 
lighting  contract  still  continues  in  the 
gas  and  electrical  journals,  and  a  lengthy 
editorial  in  The  Electrician  (September  23) 
analyzes  the  data  concerning  the  main- 
tenance of  lamps  in  some  detail.  An 
editorial  in  The  Journal  of  Gas  Lighting 
(August  30)  reviews  the  progress  of  the 
Inverted  Burner  for  Public  Lighting, 
and  mention  is  made  of  recent  streets  in 
London  where  the  use  of  clusters  of  such 
burners  is  said  to  be  proving  very  satis- 
factory. 

There  are  also,  as  usual,  a  number  of 
articles  dealing  with  Distance  Gas 
Lighting.  The  Gas  World  reproduces 
an  article  dealing  with  Grix's  method  of 
using  self-igniting  pellets ;  these  are 
withdrawn  from  the  flame  as  soon  as  it 
is  kindled.  In  recent  numbers  of  the 
Journal  fiir  Gasheleuchtung  the  discussion 
on  the  economies  derived  from  automatic 
"pressure-wave"  control  are  continued, 
several  engineers  taking  different  views 
on  this  subject.  There  are  also  several 
articles  in  the  American  journals  in  which 
Gas  Arcs  are  dealt  with.  Special  reference 
may  be  made  to  an  illustrated  article  in 
the  most  recent  number  of  Light,  in  which 
views  are  given  of  a  billiard  room,  railway 
station,  and  other  premises  illuminated 
by  this  means.  In  some  cases,  however, 
it  would  appear  that  some  more  perfect 
method  of  shading  the  mantles  would  be 
beneficial. 

As  regards  Acetylene  lighting  reference 
may  be  made  to  the  description  of  the 
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Schimek  inverted  incandescent  burner 
{Acetylene,  August),  for  which  a  specific 
consumption  of  0*2  litres  per  candle- 
power -hour    (equivalent   to   about  140 


candle-power  per  cubic  foot  of  gas)  are 
claimed,  but  the  article  does  not  state 
whether  this  refers  to  mean  spherical 
candle-power. 


List  of  Beferences:— 

ILLUMINATION  AND  PHOTOMETRY. 

Barham,  G.  B.  Illuminating  Engineering  in  Factories.  {Electricity,  Aug.  12). 
Bell,  Dr.  L.  Recent  Tendencies  in  Streetlighting  (Elec.  Review,  N.Y.,  Sept.  10). 
Darch,  J.    The  Eye  as  it  Affects  Practical  Illumination  (paper  read  at  the  Royal  Sanitary 

Institute  Congress,  Sept.  5,  1910  ;  J.  G.  L.,  Sept.  20  ;  G.  W.,  Sept.  17). 
Editorials.    A  Study  of  Phosphorescence  (Elec.  World,  Aug.  18). 

Safe  Illumination  {Elec.  World,  N.Y.,  Aug.  25). 

Hotel  Lighting  {Elec.  World,  N.Y.,  Sept.  1). 

The  Purpose  of  Street  Lighting  {Elec.  World,  N.Y.,  Sept.  1). 

Light  transforming  Reflectors  {Elec.  Revieiv,  N.Y.,  Sept.  10). 

Artificial  Lighting  of  Picture  Galleries  {Elec.  Review,  N.Y.,  Sept.  10). 

Effect  of  Radiation  upon  the  Eyes  {Elec.  Revieiv,  N.Y.,  Sept.  10). 

Lighting  as  a  Study  for  Architects  {G.  W.,  Sept.  17). 
Harrison,  W.    Illumination  of  large  areas  by  Tungsten  Lamps  {{Elec.  World,  N.Y.,  Sept.  15). 
Hyde,  Dr.  E.  P.    The  Physical  Laboratory  of  the  National  Electric  Lamp  Association  {Elec. 

Review,  N.Y.,  Sept.  10). 
Ives,  Dr.  H.  E.    The  Status  of  Heterochromatic  Photometry  {Elec.  Revieiv,  N.Y.,  Sept.  10). 
McDermott,  ¥.  A.    Physiologic  Light  {Popular  Science  Monthly,  N.Y.,  August). 
Paterson,  C.  C,  and  Rayner,  H.    Comparative  Life  Tests  on  Glowlamps  {Electrician,  August  26). 
Pudor,  H.    Haltbarkeitspriifungen  in  der  Beleuchtungskorperindustrie  {Z.  f.  B.,  Sept.  20). 
Rhodes,  W.  G.    The  Lighting  of  Bowling  Greens  {Elec.  Review,  Sept.  2,  1910). 
Richtmyer,  F.  K.    Photoelectric  Properties  of  the  Alkali  Metals.    (Am.  Phys.  Soc.  ;  Electrician, 
Aug.  26). 

Toone,  C.    Modern  Lighting  [Elec.  Revieiv,  Sept.  9). 

Vivian,  W.  T.,  and  Huey,  G.  W.    A  Portable  Phosphorescent  Photometer  {Elec.  World,  N.Y., 
Aug.  18). 

Wedding,  W.    Die  Probleme  der  Modernen  Beleuchtungstechnik  {Oesterr.  Ungar.  Installatettr, 
Sept.  17,). 

The  Illumination  of  Study  Rooms  {Elec.  Review,  N.Y.,  Aug.  27,  1910). 
Lighting  of  Schools  {Elec.  World,  N.Y.,  Sept.  8). 
Ornamental  Streetlighting  {Elec.  World,  N.Y.,  Sept.  8). 
Streetlighting  in  Westminster  {Electrician,  Aug.  26). 
Design  of  Arches  for  Lights  {Am.  Gaslighting  Jour.,  Aug.  29). 
Automatische  Feuerzeuge  und  Ziinder  (Z.  /.  B.,  Sept.  10). 
Lighting  the  Morgan  Art  Galleries  {Elec.  Review,  N.Y.,  Sept.  10). 
The  Part  Played  by   Background  in  the  Display  of  Goods  {Signs  of  the  Times, 
September). 

ELECTRIC  LIQHTINQ. 

Barham,  G.  B.    Joints  in  Metallic  Filament  Lamps  {Elec.  Times,  Sept.  1 ). 
Clark,  R.  W.    Tungsten  Lamps  for  Sign  Lighting  {Elec.  World,  Sept.  1 ). 
Editorials.    Tungsten  Lamps  for  Indirect  Illumination  {Elec.  World,  N.Y.,  Sept.). 

Baseball  by  Electric  Light  {Elec.  World,  Sept.  1 ). 

Lighting  of  Small  Residences  {Elec.  World,  Sept.  1 ). 

Electric  Lighting  for  Automobiles  {Elec.  Review,  N.Y.,  Sept.  10). 
Merril,  G.  S.    Tungsten  Lamps   {Pro.  Am.   Inst,  of  Electrical  Engineers,  Sept.). 
Mitchell,  A.  J.    Applications  of  the  Electric  Arc  {Elec.  Review,  N.Y.,  Sept.  10). 
Scott,  C.  F.    A  new  Form  of  Tungsten  Lamp  {Electrician,  Aug.  26). 
Scott,  R.    Electric  Lighting  of  Automobiles  {Elec.  Review,  N.Y.,  Sept.  10). 
Zimmerman,  J.  G.    The  Quartz  Tube  Mercury  Arc  Lamp  {Elec.  Review,  N.Y.,  Sept.  10). 

The  Cooper  Hewitt  Light  Transforming  Reflector  {Elec.  Review,  N.Y.,  Sept.  10). 

Playing  Baseball  by  Electric  Light  {Elec.  Review,  N.Y.,  Sept.  3  ;  Elec.  World,  N.Y., 
Sept.  1). 

Tungsten  Lamps  for  Streetlighting  {Elec.  Engineer,  Sept.  2). 
The  Tungsten  Lamps  and  the  Central  Station  (Sept.  1 ). 

The  Use  of  Metallic  Filament  Lamps  for  Streetlighting  {Electrician,  Sept.  23). 
Die  Wotanlampe  {Z.  f.  B.,  Sept.  10). 

Arc  Lamps  {Electrician  Industrial  Supplement,  Sept.  23). 
Neuere  Bogenlampen  {Z.  f.  B.,  Aug.  30,  Sept.  10). 
La  Lumi^re  Moore  {Rev.  des  Eclairages,  Sept.  15). 
The  Quartzlite  Lamp  {Electrical  Times,  Sept.  15). 
Le  Tr^filage  du  tungstene  {VElectricien,  Aug.  20). 

GAS,  OIL,  ACETYLENE  LIQHTINQ,  &c. 

Bone,  Prof.  W.  A.    The  Influence  of  Hot  Surfaces  upon  Combustion  {G.  W.,  Sept.  10  ;  J.  G.  L., 
Sept.  6). 

Editorials.    The  March  of  the  Inverted  Burner  in  Public  Lighting  (J.  G.  L„  Aug.  30).  I 

Gas  v.  Electricity  for  Street  Lighting  {Electrician,  Sept.  23). 
Kresser,  L.    Efficient  High  Pressure  Lighting  {Prog.  Age,  Sept.  1). 
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Osbourne,  E.  M.    Gas  Arc  Lighting  (Prog.  Age,  Sept.  1). 
Wendt.    Neuer  elektrische  Gasfernziinder  (J.  /.  G.,  Sept.  10). 

Gasdruckfernztindung  (discussion),  J.  f.  G.,  Sept.  17). 

Candle-power  of  Gasoline  Streetlamiis  {Elec.  World,  Aug.  18). 

Automatic  Gaslighting  by  Pellets  {G.W.,  Aug.  27). 

Bamag  Distance  Pressure  Lighters  (J.  G.  L.,  Sept.  13). 

Colonia  Lamp-Masts  and  Couplings  {G.  W.,  Aug.  27). 

Illumination  with  Gas  Arcs  [Light,  August,  1910). 

High  V.  Low-Pressure  Distribution  (J.  G.  L.,  Sept.  13). 

Bridge  Lighting  by  Incandescent  Gas  {J.  G.  L.,  Sept.  13). 

An  Original  Acetylene  Burner  {Acetylene,  August). 

Portschritte  der  Spiritusbeleuchtung  (J.  /.  G.,  Sept.  17). 

Los  Phares  d'Automobiles  a  I'Acetylene  {Rev.  des  Eclairages,  August  30). 


CONTRACTIONS  USED. 

G.  W.-^Gas  World. 

J.  G.  L. — Journal  of  Gaslighting. 

J.  f .  G. — Journal  fur  Gasheleuchtung  und  Wasserversorgung. 
Z.  f.  B.—Zeitschrift  fur  Beleuchtungswesen. 


Some  Publications  Received. 

The  Journal  of  the  Franklin  Institute. — This  number  (September,  1910)  contains  a. 
paper  on  '  Reflecting  Powers  of  Various  Metals,'  by  Dr.  CoiDlentz,  giving  a  large  number 
of  tables  and  curves  embodying  the  results  of  his  experiments  on  the  metals  used  in 
incandescent  lamps. 

Dr.  E.  P.  Hyde,  The  Physical  Production  of  Light. — Reprinted  from  the  Journal 
of  the  Franklin  Institute,  June  and  July,  1910. 

Dr.  B.  Monasch,  Indirekte  Beleuchtung  mit  hochkerzigen  Wolframlampen,  a  reprint 
of  a  paper  from  the  Elektrotechnische  Zeitschrift,  dealing  with  comparative  tests  of 
various  systems  of  indirect  lighting. 

W.  McDougall,  various  papers  dealing  with  Visual  Sensation  and  the  Duration  of 
the  Stimulus,  dsc. 

Proceedings  of  the  American  Institute  of  Electrical  Engineers. — Thi^  number  contains 
an  interesting  paper  on  '  Tungsten  Lamps,'  by  G.  S.  Merrill. 

Guide  Pratique  de  VUsager  d' Acetylene.  Office  Central  de  V Acetylene  (104,  Boule- 
vard de  Clichy,  Paris). — A  compact  little  illustrated  guide,  dealing  with  acetylene  in 
all  its  aspects,  installations  for  lighting  or  heating,  maintenance,  safety  precautions,  &c. 

The  Transactions  of  the  Institution  of  Civil  Engineers,  The  Proceedings  of  the  Iron 
and  Steel  Institute,  The  Transactions  of  the  South  African  Institute  of  Electrical  Engineers, 
The  Journal  of  the  Royal  Society  of  Arts,  The  Proceedings  of  the  Tokyo  Mathematico- 
Physical  Society,  Atti  della  Associazione  Elettrotecnica  Italiana. 


Lectures  on  the  Design  of  Electric  Machinery. 

A  couBSE  of  lectures  dealing  with  the  design  of  alternating  current  and  D.C.  machines 
is  to  be  dehvered  by  Mr.  H.  M.  Hobart,  B.Sc,  M.Inst.C.E.,  M.Inst.E.E.,  at  University 
College  on  Mondays  at  5  p.m.,  commencing  Monday,  October  10th,  1910.  The  fee 
for  each  of  the  two  parts  of  the  course  will  be  one  guinea.  Applications  for  admission 
should  be  made  to  W.  W.  Seton,  University  College,  Gower  Street,  London,  W.C. 
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EDITORIAL. 


Recent  Progress  in  Gas  Lighting. 

As  announced  on  p.  671,  the  first 
meeting  of  the  Illuminating  Engineer- 
ing Society  for  the  next  Session  is  to 
be  held  on  November  8th,  when  Mr. 
P\  W.  Goodenough  will  read  a  paper 
on  '  The  Present  Status  of,  and  Kecent 
Advances  in  Gas  Lighting.' 

Mr.  Goodenough  is  well  known  to 
our  readers  as  an  authority  on  gas 
lighting,  and  there  is  no  need  for  us 
to  say  anything  by  way  of  introduction 
on  this  occasion.  The  development  of 
gas  lighting  is  so  rapid  that  there  are 
few  indeed  who  can  keep  pace  with  its 
progress,  and  a  general  paper  on  the 
subject  is  occasionally  of  great  benefit 
to  many  who  would  otherwise  have  no 
opportunity  of  keeping  in  touch  with 
what  is  being  done.  Members  of 
the  Society  may,  therefore,  look 
forward  to  a  most  interesting  evening. 

There  is  one  aspect  of  the  matter, 
however,  which  seems  to  us  to  call  for 
comment.    The  main  object  of  this 


paper,  as  suggested  above,  is  to  provide 
a  summary  of  progress  and  not  an 
opportunity  for  controversial  discussion. 
From  the  commencement  of  the  Illu- 
minating Engineering  Society  it  has 
been  made  clear  that  it  was  to  be 
conducted  on  strictly  impartial  lines. 
What  is  suggested,  therefore,  is  that 
one  evening  should  be  given  up  to  a 
discussion  of  Gas  Lighting,  and  a 
second  evening  to  a  corresponding 
paper  on  Electric  Lighting  which,  as 
already  announced,  will  be  dealt  with 
by  Prof.  E.  W.  Marchant.  It  is  also 
hoped  that  future  dates  will  be  allotted 
to  discussions  of  other  systems  of 
illumination.  In  this  way  members 
will  have  an  opportunity  of  hearing 
and  judging  for  themselves  the 
progress  in  all  directions.  We  think, 
however,  that  it  should  be  clearly 
understood  that  papers  have  been 
arranged  with  a  view  to  affording 
information  and  not  in  order  to  foster 
unprofitable  controversy  regarding  the 


642 


THE   ILLUMINATING  ENGINEER. 


relative  merits  of  the  respective  illu- 
minants.  No  doubt  in  the  future, 
when  a  sufficient  number  of  experts, 
equally  interested  in  all  systems  of 
lighting,  are  available  to  join  in  the 
discussion,  an  analysis  of  the  merits  of 
the  respective  systems  might  yield 
useful  information.  But  at  the  pre- 
sent time  there  are  few  who  can  speak 
with  authority  regarding  both  systems, 
and  the  time  seems  hardly  ripe  to 
attempt  critical  discussion  on  these 
lines.  We  consider,  therefore,  that  it 
is  preferable  for  the  Illuminating  Engi- 
neering Society  to  confine  itself  for  the 
present  to  providing  opportunities  for 
the  very  latest  developments  of  the 
different  illluminants  to  be  described, 
and  subsequently  to  proceed  to  the 
applications  of  the  systems. 

We  understand  that  the  Illuminating 
Engineering  Society  will  devote  atten- 
tion to  such  subjects  as  School,  Library, 
Shop  Lighting,  &c.,  shortly ;  no 
doubt  the  fact  of  the  most  recent 
progress  in  the  various  illuminants 
having  already  been  dealt  with  in 
previous  papers  will  then  be  found 
very  beneficial. 

While  referring  to  progress  in  gas 
lighting,  we  should  like  to  say  a  word 
or  two  regarding  the  visit  of  the 
German  Institution  of  Gas  Engineers, 
which  is  dealt  with  elsewhere  in  this 
number.  All  those  who  participated 
in  the  visits  and  excursions  arranged 
on  this  occasion  were  impressed  by  the 
excellent  organization  displayed,  and 
the  pains  taken  by  the  various  gas 
companies  to  render  the  visit  of 
our  German  friends  agreeable.  We 
feel  sure -that  they  have  carried  away 
recollections  of  many  interesting 
things  seen  and  friendly  things  said, 
and  that  this  interchange  of  courtesies 
will  do  much  to  promote  a  good  under- 
standing between  engineers  in  both 
countries. 

Our  impressions  in  this  respect  are 
confirmed  by  a  recent  editorial  in 
the  Journal  f  ur  Ga.^heleuchtuncj  unci 
Wasserversorgung,  the  official  organ 
of  the  German  Institution   of  Gas 


Engineers,  in  which  appreciation  of 
the  attention  shown  during  this  visit 
is  expressed,  and  a  graceful  tribute  is 
paid  to  the  vast  development  of  the 
gas  industry  in  this  country. 

The  Measurement  of  Surface 
Brightness. 

The  paper  by  Messrs.  J.  S.  Dow  and 
V.  H.  Mackinney,  dealing  with  the 
measurement  of  surface  brightness  by 
means  of  a  new  form  of  portable  instru- 
ment, will  be  found  on  p.  655,  and 
contains  a  number  of  interesting 
suggestions. 

The  authors  suggest  that  much 
could  often  be  learned  regarding  the 
conditions  of  lighting  in  interiors  by 
studying  the  actual  "  surface-bright- 
ness "  of  the  objects  illuminated.  In 
some  cases  it  may  also  be  more  con- 
venient to  specify  that  an  object  should 
possess  a  certain  brightness,  in  pre- 
ference to  providing  a  certain  intensity 
of  illumination,  which  takes  no  account 
of  the  fact  that  a  considerable  amount 
of  light  may  be  absorbed  by  the  surface 
illuminated.  As  an  illustration  of  the 
use  of  the  instrument  in  this  way 
the  authors  describe  some  experiences 
in  studying  the  brightness  of  wall- 
papers, blackboards  in  schools,  illu- 
minated signs,  clocks  and  notices  in 
railways,  &c.,  and  point  out  the  re- 
markable variation  in  the  illumination 
provided  in  different  railway-carriages, 
&c. 

No  doubt  there  is  room  for  con- 
firmation as  to  the  interpretation  of 
the  results  secured  by  this  means, 
but  the  investigations  carried  out 
by  the  authors  seem  to  have  been 
thorough,  and  we  do  not  doubt  but 
that  they  will  be  borne  out  by  sub- 
sequent experience.  We  also  think 
that  the  authors  have  done  wisely  in 
disclaiming  any  desire  to  suggest  that 
this  system  of  measurement  involves 
the  displacement  of  others.  On  the 
contrary  it  must  be  recognized  that 
measurements  of  candlepower  and 
illumination  are  also  desirable,  and 
that  the  study  of  surface-brightness 
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is  merely  an  additional  weapon  in  the 
hands  of  the  illuminating  engineer  ; 
the  "  Lumeter"  instrument  is  devised 
with  a  view  to  the  measurement  of 
either  quantity. 

The  apparatus  itself  is  portable 
and  compact,  and  it  is  stated  that  an 
accuracy  ample  for  practical  require- 
ments can  be  secured.  In  this  respect 
it  is  in  accordance  with  the  modern 
tendency  in  the  design  of  illumination 
photometers,  for  it  is  recognized  that 
what  is  now  demanded  for  practical  pur- 
poses is  something  simple  and  port- 
able, no  very  extravagant  degree  of 
accuracy  being  required. 

There  is,  however,  one  other  point 
in  connexion  with  instruments  of  this 
kind,  which  it  is  well  to  emphasize. 
It  is  extremely  desirable  that  they 
should  be  under  careful  supervision 
in  order  that  no  inaccuracy  in  the 
proportions  or  arrangements  may  creep 
in ;  slight  deviations  in  this  respect 
sometimes  lead  to  considerable  errors. 
It  is  therefore  satisfactory  to  observe 
that  the  authors  propose  to  examine 
each  instrument  personally  before  it  is 
sent  out  in  order  to  ensure  that  every- 
thing is  strictly  correct ;  there  is  no 
doubt  that  a  guarantee  of  examination 
of  this  kind  adds  very  greatly  to  the 
value  of  the  apparatus. 

It  is  also  suggested  that  the  instru- 
ment can  be  conveniently  utilized 
for  many  simple  experiments  in  the 
laboratory,  and  that  it  will  be  found 
of  service  in  many  cases  in  which 
the  space  required  by  a  permanent 
photometrical  bench  cannot  readily  be 
spared. 

The  Proposed  Opto=Technical 
Institute. 

On  Monday,  October  17th,  a  meet- 
ing of  those  connected  with  the  Opti- 
cal Industry  was  held  in  London,  in 
order  to  discuss  the  proposal  of  the 
London  County  Council  to  found  a  cen- 
tral Optical  Institute  in  Clerkenwell. 
Readers  will  find  a  reference  to  this 
matter  on  page  G74.  The  considerable 
number  of  well-known  representatives 
of  the   Optical  Industry  who  were 


present  were  unanimously  in  favour  of 
the  project.  The  general  opinion,  as 
voiced  by  Mr.  Aitchison,  Mr.  Conrad 
Beck,  and  others,  was  that  the  Optical 
Industry  could  benefit  very  consider- 
ably by  better  facilities  for  technical 
instruction  and  the  collection  of  scien- 
tific data  on  optics. 

It  is  now  proposed  to  erect  a  central 
Institute  to  develop  the  work  on  tech- 
nical optics  originated  at  the  North- 
ampton Institute,  but  on  a  larger 
scale.  This  furnishes  an  instance  of 
the  great  development  of  opinion  in 
this  country  during  recent  years  in 
favour  of  scientific  methods.  It  is 
recognized  that  the  rule  of  thumb 
methods  of  the  past  no  longer  suffice, 
and  the  nation  which  has  the  resources 
of  science  behind  it  will  make  the 
greatest  progress  in  practical  applica- 
tion and  commercial  manufacture. 
One  matter  which  has  no  doubt  also 
been  influential  in  leading  the  London 
County  Council  to  make  this  offer  has 
been  their  determination  to  supervize 
the  conditions  of  eyesight  of  school 
children  under  their  charge — a  decision 
which  carries  with  it  the  necessity  for 
providing  glasses  in  large  numbers,  and 
also  studying  the  conditions  of  illumi- 
nation in  schools  which  are  responsible 
for  defects  of  eyesight. 

Several  speakers  also  referred  to 
the  conception  of  optics  as  a  wide 
branch  of  science,  including  all  prac- 
tical applications  of  light,  and  drew 
attention  to  the  very  considerable 
range  of  scientific  knowledge  de- 
manded by  the  manufacture  of  optical 
instruments. 

It  was  very  gratifying  to  note  that 
several  of  those  present  laid  stress 
on  the  need  for  special  facilities  for 
study  in  connexion  with  such  pro- 
blems as  the  effect  of  light  and  colour 
on  sight,  and  the  design  of  photo- 
metrical  apparatus,  &c.,  all  of  which 
are  matters  which  ought  to  be  in- 
cluded in  a  broad  definition  of  optics. 
One  cannot  go  far  in  connexion  with 
lighting  problems  without  being  struck 
by  the  part  played  by  the  eye  and 
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the  need  for  a  knowledge  of  physio- 
logical optics.  Yet  knowledge  of  this 
kind  has  hitherto  been  in  the  hands  of 
a  few  specialists  and  has  not  been  pre- 
sented in  a  form  readily  accessible  to 
the  illuminating  engineer.  Again  the 
construction  of  photometrical  appa- 
ratus frequently  calls  for  a  considerable 
knowledge  of  the  details  of  optical 
design. 

We  hope,  therefore,  that  the  move- 
ment for  the  new  Institute  will  be 
successful,  and  that  those  concerned 
in  framing  its  course  of  instruction 
will  bear  in  mind  the  particular 
branch  of  optics  with  which  we  are 
concerned,  namely,  the  study  of  the 
effects  of  light  on  the  eye  and  the 
design  of  apparatus  for  the  testing  and 
measurement  of  illumination. 

Co-operation  between  the  Central 
Station  and  the  Lamp  IVIaker. 

In  our  last  two  numbers  we  repro- 
duced a  very  important  paper  by  Mr. 
S.  E.  Doane  dealing  with  the  effect  of 
the  Metallic  Filament  Lamp  on  the 
Central  Station.  Much  has  been 
written  on  this  subject  and  conflicting 
conclusions  have  not  infrequently  been 
drawn,  largely,  we  believe,  because  the 
problem  has  not  been  surveyed  with  a 
sufficiently  wide  outlook. 

It  must  of  course  be  recognized 
that  the  results  of  the  introduction  of 
metallic  filament  lamps  must  vary  in 
different  localities,  and  a  study  of  Mr. 
Doane's  paper  suggests  that  some  of 
the  views  held  regarding  the  effect  of 
the  metallic  lamps  on  the  consumer's 
lighting  and  the  central  station  will 
require  modification. 

In  this  connexion  one  cannot  help 
being  struck  by  the  certain  favourable 
conditions  which  seem  to  exist  in  the 
United  States.  In  that  country  the 
lamp  makers  and  the  supply  companies 
work  together  and  agree  on  a  common 
line  of  policy.  They  are  able,  for 
example,  to  induce  the  consumer  to 
regard  the  new  lamps  not  so  much  as 
a  means  of  saving  expense  as  a  means 


of  securing  better  illumination ;  this 
naturally  leads  to  an  improvement  in 
the  standard  of  lighting  and,  at  the 
same  time,  interferes  much  less  with 
the  revenue  of  the  supply  company. 
By  this  compromise  both  parties,  the 
lamp  maker  and  the  central  station 
are  satisfied,  and  the  consumer  has 
also  no  ground  for  complaint.  As  an 
illustration  of  a  tendency  in  the  same 
direction  in  this  country,  it  may  be 
pointed  out  that  lamp  makers  now 
supply  high  voltage  lamps  of  larger 
candle-power  at  a  slightly  cheaper  rate, 
although  the  cost  of  manufacture  is 
believed  to  be  greater.  This  may  be 
regarded  as  a  concession  to  the  needs 
of  the  supply  companies  who  desire  to 
encourage  the  introduction  of  units, 
which  besides  being  more  efficient,  are 
also  of  higher  candle-power  than  those 
hitherto  employed. 

One  more  illustration  of  the  value 
of  co-operation  on  the  lines  suggested 
is  afforded  by  the  standardization  of 
lamp  sockets  and  bulbs  in  the  United 
States.  When  many  lamps  of  differing 
pattern  are  available  and  the  details  of 
design  may  vary  considerably,  it  is 
naturally  very  difficult  to  foretell  what 
will  be  the  effect  of  a  certain  diffusing 
globe  or  reflector  in  practice.  Now  in 
the  United  States  there  is  no  difficulty 
in  this  respect.  The  size  of  the  bulb  in 
general  use  is  fixed,  the  manufacture 
of  the  lamp  is  standardized,  and  it  has 
become  increasingly  common  for  the 
lamp  and  shades  to  be  supplied  together 
as  a  single  unit.  In  view  of  the 
admitted  inconvenience  of  the  high 
intrinsic  brilliancy  of  metallic  filament 
lamps,  one  cannot  but  be  impressed  by 
the  desirability  of  an  understanding 
on  this  point.  The  matter  is  one  of 
considerable  moment  to  manufacturers 
of  shades  and  reflectors  who  are  inter- 
ested in  the  scientific  screening  of 
sources  and  distribution  of  light,  and 
they  should  lose  no  opportunity  of 
helping  to  bring  about  a  better  under- 
standing between  the  central  station 
and  the  lamp-maker  in  the  future. 

Leon  Gaster. 
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Review  of  Contents  of  this  Issue. 


Mr.  A.  P.  Trotter  (p.  647)  discusses 
the  extent  of  the  errors  that  may  be 
introduced  into  photometric  measure- 
ments through  Stray  Light,  and  shows 
how  this  can  be  avoided  by  the  use 
of  suitable  screens,  &c.  Subsequently 
he  deals  with  The  Precision  Possible 
IN  Photometric  Measurements,  and 
quotes  the  results  obtained  by  a  number 
of  observers  on  this  point. 

An  important  paper  by  Mr.  A.  J. 
Sweet  (p.  649)  deals  with  the  Prin- 
ciples UNDERLYING  StREET  LIGHTING. 

It  is  pointed  out  that  the  two  essential 
points  in  good  street  hghting  are 
firstly  to  avoid  glare,  and  secondly 
to  aim  at  a  reasonable  degree  of  uni- 
formity of  illumination.  Of  course 
it  is  admitted  that  different  varieties 
of  streets  require  a  different  amount  of 
light,  and  that  extra  illumination  may 
be  necessary  at  important  crossings,  &c. 
But  in  general  one  has  to  aim  at  the 
provision  of  a  certain  uniform  standard. 

Mr.  Sweet  therefore  considers  how 
these  two  essential  requirements  can 
both  be  met.  In  the  present  section 
of  the  paper  he  is  mainly  concerned 
with  the  consideration  of  the  practical 
means  by  which  the  correct  distribution 
of  light  can  be  secured,  and  the  relation 
that  ought  to  exist  between  height  of 
lamp  and  distance  apart  of  posts.  He 
discusses  a  number  of  possible  forms 
of  distribution  curves,  and  finally  selects 
one  which  he  considers  both  desirable 
and  feasible  in  practice.  In  the  present 
portion  of  the  paper  the  author  has 
studied  the  best  methods  of  securing 
good  distribution  of  illumination.  In 
the  next  instalment  some  researches 
on  the  avoidance  of  glare  will  be  dealt 
with. 

An  article  by  Dr.  W.  W.  Coblentz 

(p.  663)  discusses  the  nature  of  the 
Radiation  from  the  Acetylene 
Flame.  The  author  points  out  that 
somewhat  different  results  are  obtained 
by  the  spectro -photometric  and  radio- 
metric methods,  a  band  of  selective 


emission  apparently  being  found  to 
exist  in  the  one  case  and  not  in  the 
other. 

Following  will  be  found  a  summary 
of  a  paper  by  Mr.  J.  S.  Dow  and  Mr. 
Y.  H.  Mackinney  on  Surface  Bright- 
ness and  a  New  Instrument  for  its 
measurement.  The  authors  describe 
a  new  and  very  portable  and  compact 
instrument  for  measuring  the  bright- 
ness of  any  surface  or  the  illumination 
in  any  plane.  An  account  is  also 
given  of  researches  in  schoolrooms, 
railways,  dwelling -rooms,  &c.  The 
instrument  can  be  very  easily  apphed 
to  determine  the  vertical  illumination 
on  a  bookshelf  or  to  study  the  distribu- 
tion of  illumination  over  a  placard 
or  wall  paper.  It  can  also  be  used 
to  determine  the  reflecting  power  of 
materials,  and  for  certain  experiments 
in  the  laboratory  where  a  very  high 
degree  of  accuracy  is  not  so  essential  as 
simplicity  and  convenience  in  working. 
The  authors  lay  special  stress  on  the 
need  for  supervision  in  connexion  with 
the  issue  of  instruments  of  this  class ; 
otherwise  small  defects  or  variation  in 
design  might  creep  in  which  would  have 
a  material  influence  on  the  accuracy  and 
reliability  of  the  apparatus. 

An  article  on  p.  667  deals  with  the 
Advantages  of  Low  Pressure  for 
electric  metallic  filament  lamps.  When  a 
low  pressure  supply  is  available  a  higher 
efficiency  can  often  be  attained  and 
the  lamps  are  stated  to  last  longer. 
When  alternating  current  is  available, 
therefore,  transformers  are  often  used 
in  order  to  gain  the  advantage  of  a  low 
voltage  ;  small  transformers  are  some- 
times built  into  the  lamp  holder. 
Another  system  consists  in  the  use  of  a 
large  number  of  small  glow-lamps 
connected  in  series  parallel,  so  that 
if  one  lamp  gives  way  the  current  taken 
by  the  remainder  is  hghtly  increased 
and  the  total  amount  of  Hght  is  not 
sensibly  altered.  A  short  note  follow- 
ing this  article  deals  with  The  Moore 
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Light,  and  an  illustration  is  given  of 
the  application  of  the  system  to  a  chapel. 

Dr.  B.  Monasch  (p.  670)  contributes 
a  brief  summary  of  the  results  secured 
in  a  series  of  tests  recently  carried  out 
on  various  systems  of  Indirect  and 
Semi-indirect  Illumination  by  arc- 
lamps  and  tungsten  incandescent  lamps. 
It  is  worthy  of  remark  that  the  results 
of  these  tests  are  expressed  in  terms  of 
"  watts  per  lux  per  square  metre  of 
surface  illuminated,"  as  recently  re- 
commended by  the  Verband  Deutscher 
Elektrotechniker. 

On  p.  671  commences  a  special 
section  of  the  journal  devoted  to  the 
Proceedings  of  Various  Societies, 
&c. 

Notice  is  given  of  the  next  meeting 

of  Upc  JUuminattno  JEnoineerittG 

Society  in  London  and  a  series 
of  queries  is  presented,  dealing 
with  gas  lighting,  on  which,  it 
is  suggested,  further  information 
would  be  desirable.  Reference  is  also 
made  to  the  series  of  papers  to  be  read 
shortly  at  the  Fourth  Annual  Con- 
vention of  the  Illuminating  Engin- 
eering Society  in  the  United  States, 
and  to  the  Special  Course  of  Lec- 
tures on  illumination  at  the  Johns 
Hopkins  University  which  will  be  a 
feature  on  that  occasion.  A  brief 
account  is  also  given  of  the  proceedings 
during  the  recent  Visit  of  the  Ger- 
man Institution  of  Gas  Engineers 
to  this  country. 

A  very  important  announcement  also 
came  before  a  recent  meeting  of 
members  of  the  optical  industry,  namely 
the  offer  of  the  London  County  Council 
to  erect  a  special  Central  Optical 
Institute  at  a  cost  of  £30,000  ;  the 
hope  is  expressed  that  the  questions  of 
photometric  measurement  and  the 
effects  of  light  on  the  eye  will  receive 
attention  when  this  institute  comes 
into  being. 

Some  particulars  are  also  given  of 
the  recent  work  of  the  International 
Electrotechnical Commission  (p. 675). 

Among  other  articles  reference  may 
be  made  to  an  Interview  with  Prof. 
Dr.  W.  Wedding  (p.  683),  in  which 
some  views  are  set  forth  as  to  the  future 
scope  of  gas  and  electric  hghting,  &c. 
Reference  is  made  to  the  enormous 


development  of  high-pressure  gas  light- 
ing, and  to  the  special  conveniences 
which  are  advantageous  to  electric 
lighting  for  interior  illumination.  In 
conclusion  a  rough  table  of  the  costs 
of  various  illuminants  is  made  out. 
Prof.  Wedding,  however,  expressly 
states  that  the  question  of  cost  is  only 
one  of  many  factors  affecting  the 
choice  of  one  or  another  illuminant, 
and  he  lays  special  stress  on  the 
Hygienic  Aspects  of  Lighting  which 
are  now  being  brought  prominently 
forward.  In  future,  our  own  must 
be  to  aim  at  the  best  possible  distribu- 
tion and  to  devise  improved  methods 
of  using  hght  rather  than  the  production 
of  sources  of  higher  concentrated 
brilliancy.  Sources  have  now  reached 
the  limit  of  desirable  intrinsic  brilliancy. 

Another  note  deals  with  Design  of 
A  Lamp-post  which  recently  secured 
a  prize  awarded  by  the  Royal  Academy. 
Seeing  that  the  design  of  many  lamp- 
posts is  admittedly  defective  from  the 
artistic  standpoint,  it  is  suggested 
that  the  useful  precedent  set  on  this 
occasion  might  be  followed  in  con- 
nexion with  other  branches  of  lighting 
fixture  design. 

The  Illumination  of  a  Barber's 
Shop  is  dealt  with  on  p.  682.  The 
illustration  shows  the  elaborate  system 
of  inverted  lighting  in  the  sump- 
tuously furnished  barber's  shop  of  a 
Chicago  Hotel. 

On  p.  679  will  be  found  a  variety  of 
Short  Notes  on  Illuminating  Engin- 
eering, and  there  are  also  other  small 
items  of  interest  distributed  through 
the  magazine.  For  example,  on  p.  662 
will  be  found  a  reference  to  the  re- 
searches of  Dr.  W.  Macdougall  con- 
cerning the  period  of  time  winch  must 
elapse  in  order  that  a  faint  flash  of 
light  may  be  perceptible  to  the  eye. 
This  has  a  bearing  upon  the  visibility  of 
flashing  lights  at  sea.  Another  note 
(p.  666)  refers  to  the  method  of  Squirt- 
ing Tungsten  Filaments  and  the 
difficulties  involved  in  the  preparation 
of  dies  for  the  process. 

On  p.  688  and  689  will  be  found  some 
Reviews  of  Books  and  Trade  Notes, 
and  the  journal  is  completed  by  the 
usual  Review  of  the  Technical 
Press  (p.  693). 
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Illumination,  its  Distribution  and  Measurement. 

By  A.  P.  Trotter. 
Electrical  Adviser  to  the  Board  of  Trade. 
(^Continued  from  p,  595,  Vol.  III.) 


Errors  {continued). 

Stray  light. — In  describing  the  earliest 
known  photometer,  Bouguer  speaks 
of  the  screen*  between  the  two  hghts  as 
an  essential  part  of  the  instrument. 
Reference  has  been  made  to  the  use  of 
screens,!  and  nothing  more  need  be 
added  here  except  the  warning  that 
stray  reflected  light  is  a  most  trouble- 
some source  of  error.  As  in  photo- 
graphy, stray  Hght  finds  its  way  from 
unexpected  directions  ;  but  there,  if  it 
is  strong  enough  to  fog  the  plate,  it 
leaves  evidence  of  its  existence.  In 
photometry,  on  the  other  hand,  stray 
light  if  not  detected  will  cause  unknown 
errors.  It  is  possible  sometimes  to 
correct  for  stray  Ught.  In  making  the 
check  reading  of  an  illumination  photo- 
meter before  going  out  for  an  evening's 
work,  or  on  coming  back,  it  is  some- 
times troublesome  to  enclose  the 
standard  lamp  so  that  the  room  is  in 
darkness.  The  diffused  hght  need  not 
cause  serious  error.  A  measurement 
should  be  made  at  the  measured  dis- 
tance with  the  standard  lamp  and  the 
diffused  light,  and  a  piece  of  black 
card  should  be  held  so  that  its  shadow 
is  cast  on  the  screen  of  the  photometer. 
A  reading  may  then  be  taken  of 
the  diffused  hght  alone.  The  shadow 
should  not  be  larger  than  is  necessary,  or 
some  of  the  diffused  hght  will  be 
blocked  out. 

•  Ilium.  Eng.,  vol.  i..  p.  800. 
t  Ilium.  Eng.,  vol.  ii.  p.  513. 


With  a  Rumford  or  a  Harcourt 
(Gas  Referees')  photometer  stray  light 
need  not  cause  any  error  if  it  falls  on 
both  sides  equally,  but  it  may  impair 
accuracy  by  diminishing  the  contrast. 
Or  if  it  strikes  the  observer's  eyes 
through  want  of  proper  screening  it 
will  give  rise  to  personal  error.  It  is 
difficult  in  some  cases  to  distinguish 
between  personal  and  instrumental 
errors. 

Errors  due  to  unsymmetrical  con- 
struction may  be  avoided  by  the  adop- 
tion of  the  method  of  substitution  or 
double  weighing.*  If  this  is  not  em 
ployed  the  photometer  head  should  be 
reversed,  and  the  necessary  constant 
correction  must  be  apphed  to  each 
reading,  or  to  the  mean  of  a  set,  or 
double  measurement  must  be  made 
and  the  means  of  the  pairs  taken. 

Precision. — Finally,  the  magnitude  of 
errors  may  be  examined,  fir.  E.  P. 
Hydet  investigations  on  the 

Talbot  disc  made  observations  with 
such  care  and  skill  that  "  the  average 
deviation  of  the  readings  for  any  one 
angle  was  in  no  case  as  large  as  0*2  per 
cent,  the  probable  errors  of  the  mea- 
surements are  in  all  cases  under  0*1 
per  cent."  Mr.  C.  C.  Paterson,  at  the 
National  Physical  Laboratory,  AvritesJ  : 
"It  is  usual  in  giving  photometric 

*  Ilium.  Eng.,  vol.  ii.  p.  295 

t  Bulletin  of  the  Bureau  of  Standards, 
Washington,  vol.  ii.,  No.  1,  p.  27. 

X  Proc.  Phy.  Soc,  London,  vol.  xxi.,  and  Phil. 
Mag.,  August,  1909,  p.  267. 
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results  to  write  down  the  fourth  figure, 
but  even  in  the  most  favourable  circum- 
stances this  must  be  written  small, 
and  the  value  considered  liable  to  an 
error  of  +  or  —  O'l  per  cent."  Such 
precision  is  valuable  in  investigations 
of  physical  laws,  or  of  important 
standards,  but  it  would  be  a  waste  of 
time  to  attempt  anything  of  the  kind 
in  industrial  or  engineering  work. 
Kennelly  and  Whiting  obtained  from 
1*5  per  cent  with  a  Bunsen  to  0'5  per 
cent  with  a  Lummer-Brodhun  contrast 
pattern  for  Hghts  of  similar  colour,  and 
from  1*4  per  cent  to  1*9  per  cent  for 
lights  of  slightly  different  colour. 

In  an  interesting  paper  by  J.  Mark 
Barr  and  E.  S.  Philhps*  the  results  of  a 
large  number  of  photometric  tests 
made  at  the  Central  Technical  College, 
London,  were  investigated,  and  the 
errors  of  different  kinds  of  photometers 
were  calculated.  These  are  represented 
in  a  diagram  in  the  paper,  but  may  be 
more  conveniently  given  in  figures  : 

Small  star  Leeson  disc    0  35  per  cent. 

Paraffin  block  Joly  photometer  ...  0-4  „ 

Large  star  Leeson  disc  at  400  cms.  0  41  „ 

„         „         „        192-6  cms.  0  52  „ 

Glass  block  Joly      ...      400  cms.  0*49  „ 

„         „  ...    192-5  cms.  0-58  „ 

Bunsen  grease  spot  ...      400  cms.  0'98  „ 

„         „  ...    192-5  cms.  0-85  „ 

It  will  be  noticed  that  with  the  large 
Leeson  disc  and  with  the  Joly  block 

*  '  The  Brightness  of  Light :  its  Nature  and 
Measurement,'  read  at  a  Students'  Meeting  of  the 
iDst.E.E.,  Dec,  189.5,  not  printed  in  the  Journal 
but  abstracted  in  The  Electrician,  Vol.  32,  p.  524. 


rather  greater  accuracy  was  secured 
by  standing  at  a  greater  distance  from 
the  photometer,  but  this  is  reversed 
in  the  case  of  the  Bunsen. 

In  lamp  factories  2J  or  3  per  cent  is 
an  ordinary  hmit  for  lamp  sorting.  In 
street  work  with  an  illumination  photo- 
meter if  a  number  of  repeated  readings 
fall  within  a  range  of  5  or  6  per  cent, 
or,  in  other  words,  do  not  vary  more 
than  2J  to  3  per  cent  from  the  mean, 
the  work  may  be  considered  satis- 
factory. 

But  while  it  is  easy  thus  to  make  a 
general  statement  of  what  appears 
to  be  a  commonsense  limit  of  accuracy 
for  industrial  work,  a  serious  difficulty 
presents  itself  Avhen  the  question  arises 
whether  a  batch  of  lamps  is  up  to  a 
specification.  It  would  be  absurd  to 
ask  that  they  should  all  be  exactly 
16  candle-power,  so  a  margin  is  allowed, 
say,  2 J  per  cent,  that  is,  from  15' 6  to 
16'4.  But  if  a  lamp  turns  out  to  be 
15*55  we  are  faced  with  a  difference 
of  0*32  per  cent.  The  allowance  of 
2 J  per  cent  does  not  help,  and  a  further 
allowance  is  of  no  use.  A  difference  of 
0*32  per  cent  can  only  be  guaranteed 
by  an  experienced  man  with  good 
instruments,  a  thoroughly  good  stand- 
ard, and  by  taking  the  mean  of  a 
number  of  measurements.  It  is  in  fact 
beyond  the  range  of  ordinary  com- 
mercial measurement,  but  the  example 
shows  how  difficult  it  is  to  say  what 
should  be  the  limit  of  that  range. 


{To  he  continued.) 


Amount  of  Illumination  Required  for  Various  Purposes. 


In  a  recent  paper  on  '  Illumination 
from  the  Ophthalmic  point  of  View,' 
abstracted  in  La  Revue  Electrique, 
Prof.  Gariel  gave  some  values  of  illu- 
mination in  a  number  of  different 
places  in  Paris,  determined  by  M.  de 
Nerville  as  far  back  as  1890. 

At  the  opera  house,  in  the  orchestra 
and  the  pit,  the  illumination  varied 
from  10  to  13  lux  ;  in  the  hall  and  on 
the  stage,  it  reached,  on  special  ball 
nights,  as  much  as  30  lux.  The  illu- 
mination in  the  operating  rooms  of  the 
Central  Telegraph  Office  was  found  to 


be  between  15  and  20  lux,  according  to 
position.  In  a  room  measuring  approxi- 
mately 13ft.  by  Oft.  6 in.,  painted  a 
light  buff  colour  and  lighted  by  two 
windows,  the  daylight  illumination  at 
one  yard  from  the  window  when  the 
sun  was  not  shining  into  the  room, 
varied  from  110  to  200  lux  ;  on  a  wet 
day  it  was  reduced  to  40  lux  ;  and,  on 
the  other  hand,  the  illumination  on  one 
occasion  when  the  sun  was  shining  on 
white  curtains,  actually  reached  1,100 
lux. 
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An  Analysis  of  Illumination  Requirements  in  Street  Lighting. 

By  Arthur  J.  Sweet. 

(Paper  read  before  the  Franklin  Institute,  Philadelphia,  U.S.A.,  March  3rd,  1910;  slightly  abbreviated.) 


It  is  profitable  to  preface  a  study  of 
street  lighting  by  a  glance  at  the 
historical  development  of  this  subject. 
The  history  of  street  lighting  shows 
four  quite  clearly  defined  epochs,  the 
last  of  which  we  are  just  entering. 
First  there  was  the  epoch,  stretching 
back  into  prehistoric  times,  when  the 
moon  was  the  only  source  of  street 
illumination  in  the  primitive  settlements 
of  man.  Then  comes  the  long  epoch, 
from  early  Grecian  days  doAvn  to  about 
the  beginning  of  the  eighteenth  century, 
when  the  moon  was  supplemented  by 
a  torch  or  lantern  carried  by  those  who 
found  occasion  to  use  the  streets  by 
night. 

We  are  standing  to-day  in  the  dawn 
of  a  new  epoch — the  epoch  of  street 
illumination  as  contrasted  with  street 
lighting.  Just  as  the  perfection  of  the 
elevator  made  the  skyscraper  possible 
and  brought  about  a  new  epoch  in  the 
architecture  of  our  city  business  sections 
so  the  high  efficiency  and  the  satis- 
factory operating  characteristics  of  our 
most  modem  street  illuminants  makes 
possible  a  real  illumination  of  our 
streets,  instead  of  the  splashes  of  light 
with  which  we  have  had  perforce  to  be 
content  in  the  past.  Just  as  the  grow- 
ing congestion  of  our  cities  demanded 
the  tall  building,  so  the  growing 
and  already  extensive  use  of  our 
streets  by  night  demands  adequate 
street  illumination.  It  becomes,  there- 
fore, at  the  present  moment  a  matter 
of  peculiar  interest  and  importance 
to  determine  the  illumination  require- 
ments which  must  be  met  in  order  to 
obtain  adequate  street  illumination. 

The  Two  Conditions  of  Good  Street 
Lighting. 

There  are  two  results  to  be  achieved 
in  adequate  street  illumination  which 
are  both  of  such  paramount  importance 
that  it  is  properly  a  matter  for  in- 


dividual opinion  as  to  which  should 
be  ranked  first.  These  are  the  avoid- 
ance of  glare  effect  and  the  obtaining 
of  an  approximately  uniform  degree  of 
illumination  at  all  points  along  the 
course  of  the  street,  with  higher  in- 
tensities at  street  corners.  These  two 
results  can  only  be  obtained,  the  one 
by  the  correct  solution  of  the  allied 
problems  of  intrinsic  brilliancy,  total 
light  flux,  and  shadow  contrasts,  the 
other  by  the  correct  solution  of  the 
problem  of  distribution. 

AYoidance  of  Glare. 

Glare  results  whenever,  through- 
out any  infinitesimal  period  of  time, 
an  amount  of  light  continues  to  fall 
upon  the  actively  visualizing  portion 
of  the  retina  of  the  eye  sufficient 
in  quantity  to  cause  chemical  changes 
more  rapidly  than  the  regenerative 
functions  of  the  eye  can  keep  pace  with. 
Thus  when  an  eye,  which  has  been 
exposed  for  some  time  to  conditions 
of  dark  with  resultant  pupillary  expan- 
sion, is  suddenly  exposed  to  even  a 
moderate  light,  glare  effect  results. 
An  excessive  amount  of  fight  reaches 
the  retina  through  the  expanded  pupil, 
and  the  regenerative  functions  cannot 
keep  pace  with  the  chemical  changes 
induced.  Rapidly,  however,  the  pupil 
contracts,  the  regenerative  functions 
regain  their  normal  control,  and  the 
glare  effect  passes  away.  If  now  the 
eye  be  exposed  to  a  still  greater  in- 
tensity of  light,  beyond  the  very  fimited 
capacity  of  pupillary  contraction  to 
compensate  for,  or  if  an  even  moderately 
bright  light  source  is  introduced  near 
the  centre  of  the  field  of  vision,  glare 
effect  is  again  experienced  ;  and  this 
glare  effect,  after  a  brief  period,  reaches 
a  certain  state  of  equilibrium  cha- 
racterized by  a  quite  definite  decrease 
in  efficiency  of  vision,  which  decrease 
thereafter  increases  in  magnitude  only 
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rather  slowly.  We  may,  therefore, 
for  convenience  designate  a  glare  con- 
dition as  casual,  when  it  results  from 
the  inability  of  the  pupil  to  adjust 
itseK  instantly  to  a  changed  condition 
of  light  intensity,  and  as  fundamental 
when  it  results  from  a  light  intensity 
exceeding  the  contractive  power  of  the 
pupil  to  compensate  for,  or  when  it 
results  from  a  light  source  near  the 
centre  of  the  field  of  vision. 

The  presence  of  strong  shadow 
contrasts  tends  to  produce  a  casual 
condition  of  glare.  The  evil  effect  of 
the  shadow  contrast  lies  in  the  demand 
it  introduces  for  instantaneous  pupil- 
lary changes  of  considerable  magnitude 
when  the  eye  is  turned  from  the  shaded 
to  the  unshaded  area,  or  vice  versa. 
In  street  lighting,  this  casual  condition 
of  glare  is  much  less  objectionable  to 
the  slowly  moving  pedestrian  than 
to  the  more  rapidly  moving  auto- 
mobilist  or  carriage  driver.  It  is 
usually  sufficient,  therefore,  to  throw 
the  shadows  toward  the  sidewalk  and 
to  provide  against  too  deep  shadows. 
The  avoidance  of  objectionably -located 
shadow  contrasts  can  only  be  taken 
care  of  by  the  proper  placement  of  the 
light  sources,  while  the  intensity  of  the 
shadow  contrast  can  be  decreased  by 
using  smaller  light  sources  placed 
nearer  together.  The  problem  of 
shadow  contrasts,  while  of  considerable 
importance,  is  one  that  must  be  solved 
individually  for  each  individual  case. 
It  needs  no  further  independent  con- 
sideration in  this  general  study  of  our 
subject. 

Brilliant,  high  candle-power  light 
sources  in  the  field  of  vision,  the  usual 
practice  in  contemporary  street  lighting, 
produce  a  fundamental  condition  of 
glare,  with  resultant  heavy  decrease 
in  efficiency  of  vision — with  probably 
also,  be  it  noted,  a  permanently  in- 
jurious effect  on  the  faculty  of  vision. 
This  fundamental  condition  of  glare 
arises  from  the  intrinsic  brilliancy  and 
total  light  flux  of  the  light  units  em- 
ployed and  can  only  be  avoided  by 
the  proper  limitation  of  these.  The 
study  of  the  relations  existing  between 
intrinsic  brilliancy  and  total  light 
flux  on  the  one  hand,  and  glare  effect 
on  the  other,  becomes,  therefore,  one 


of  the  two  chief  purposes  of  an  analysis 
of  the  illumination  requirements  of 
street  lighting.  The  end  sought  should 
be  the  elimination  of  glare  effect,  or 
at  least  its  reduction  to  such  a  per- 
missible minimum  as  will  not  seriously 
decrease  efficiency  of  vision  nor  be 
sufficient  to  produce  eye  discomfort. 

Correct  Distribution  of  Illumination. 

The  derivation  of  the  polar  curves  of 
light  distribution  which  will  give  the 
proper  relative  intensity  of  illumina- 
tion for  points  along  the  course  of  the 
street  is,  as  has  already  been  noted,  the 
second  of  the  two  chief  purposes  of  an 
analysis  of  illumination  requirements 
in  street  lighting.  Here  the  end  sought 
is  the  uniform  illumination  of  all  points 
along  the  course  of  the  street.  There 
is  no  reason  either  in  scientific  fact  or 
in  common-sense  why  one  point  along 
the  course  of  the  street  should  be  more 
brightly  lighted  than  another,  with  the 
exception  of  street  intersections  and 
similar  crossings  later  to  be  noted. 
The  present  almost  universal  condition 
of  brighter  illumination  under  and  near 
the  fight  unit  is  simply  a  concession 
to  our  present  ignorance  of  how  to 
obtain  something  better.  There  is, 
on  the  other  hand,  abundant  reason  to 
condemn  this  spot-lighting  practice. 

At  street  intersections  and  similar 
crossings  a  brighter  illumination  is 
needed,  for  obvious  reasons.  This 
should  be  of  from  four  to  eight  times 
the  intensity  of  the  illumination  along 
the  main  course  of  the  street.  Such 
brighter  illumination  is  properly  pro- 
vided for  by  employing  from  four  to 
eight  fine  units,  each  having  the  same 
light  distribution  as  the  units  used 
along  the  course  of  the  street,  or  by 
one  or  two  light  units  of  similar  fight 
distribution  and  larger  size.  The  street 
intersection,  therefore,  presents  no 
comphcation  to  our  problem,  and  its 
proper  treatment  becomes  merely  a 
matter  for  adequate  consideration  at 
the  time  of  installation. 

Moderate  Uniformity  of  Illumination 
Desirable. 

The  statement  is  often  heard  that 
in  street  fighting  absolute  uniformity 
of  illumination  is  not  required  nor  of 
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any  particular  importance.  Taken  in 
a  very  strict  sense,  this  statement 
contains  much  of  truth.  But  this 
statement  has  been  so  very  generally 
used  as  a  refuge  for  loose  thinking,  by 
the  scientific  man  as  well  as  the  layman, 
that  it  is  worth  a  moment's  careful 
consideration.  It  is  true  that  a  varia- 
tion of  two  to  one,  taking  the  mini- 
mum intensity  as  unity,  is  only  barely 
noticeable  and  is  entirely  permissible. 
But  let  us  invariably  ask  our  friend, 
who  says  uniformity  is  not  required, 
what  numerical  value  he*  will  assign  as 
ratio  of  maximum  to  minimum  in- 
tensity. If  he  gives  us  four  to  one, 
or  a  less  ratio,  we  will  agree  with  him 
and  ask  him  to  oblige  us  by  keeping 
this  ratio  in  mind  in  our  further  dis- 
cussion. If  he  gives  us  eight  to  one 
or  twenty  to  one  or  some  such  figure, 
we  will  disagree  with  him  ;  and  we 
"will  propose  a  hopeless  task  to  him  if 
we  ask  him  to  justify,  by  properly 
established  scientific  fact,  such  a  ratio 
as  permissible  from  any  other  stand- 
point than  that  of  our  possible  inability 
to  obtain  a  greater  uniformity.  At  the 
same  time  we  may  profitably  point  out 
to  him  that  the  ratio  in  present  practice 
most  frequently  falls  between  one 
hundred  to  one  and  five  hundred  to 
one. 

Measurement  of  Illumination; 
Horizontal  or  Vertical  ? 

Another  much -mooted  question  con- 
cerns the  way  in  which  illumination 
should  be  measured,  whether  hori- 
zontally or  perpendicular  to  the  light 
ray.  The  latter  method  has  been  largely 
adopted  in  American  practice  chiefly 
through  the  influence  of  the  commercial 
interests  concerned,  who  desire  to 
make  the  minimum  value  look  as  large 
as  possible.  There  is  httle  to  be  said 
I  in  favour  of  it  except  that  it  may  help 
us  to  remain  in  a  fool's  Paradise  con- 
cerning the  satisfactoriness  of  the  illu- 
mination we  are  getting.  It  is  true 
I  that  in  street  service,  illumination  is 
[desired  at  difi^erent  times  on  almost 
'  every  conceivable  plane.  But  the  best 
single  measure  of  how  well  these  many 
diverse  requirements  are  met  is  the 
intensity  of  illumination  on  the  hori- 
zontal plane.    The  horizontal  plane, 


therefore,  which  is  the  accepted  refer- 
ence plane  in  interior  fighting,  is  the 
logical  and  most  satisfactory  basis  for 
street  illumination  measurements. 

Methods  of  Spacing  Units. 

The  ideal  to  be  aimed  at,  therefore, 
in  street  lighting,  as  far  as  intensity 
is  concerned,  is  uniform  horizontal 
illumination.  On  this  basis  we  can 
now  proceed  to  derive  the  ideal  curves 
of  light  distribution.  These  curves 
once  derived,  we  may  properly  take 
into  account  the  fact  that  absolute 
uniformity  is  not  of  importance  :  and 
we  will  only  ask  that  the  actual  light 
distribution  sought  for  as  a  practical 
ideal,  show  no  greater  variation  from 
our  theoretical  ideal  than  four  to  one 
in  ratio  of  maximum  positive  variation 
to  maximum  negative  variation,  as  read 
in  percentage  values  of  the  theoretical 
curve  along  the  corresponding  angles. 

The  nature  of  a  street  makes  most 
natural  a  placement  of  light  units 
as  a  line  of  single  units  extending 
along  the  street,  the  units  being 
hung  over  the  centre  of  the  road- 
way or  located  alternately  on  either 
side.  For  all  practical  purposes,  these 
two  cases  can  be  treated  as  one,  the 
separation  of  adjacent  units  being  taken 
as  the  straight  line  distance  between  the 
units,  and  the  distribution  curve  derived 
being  the  correct  distribution  in  a 
vertical  plane  passing  through  the  unit 
concerned  and  the  adjacent  unit. 

There  are  an  infinite  number  of  light 
distributions  which  will  give  uniform 
illumination  from  a  line  of  fight  units 
along  a  line  extending  immediately 
under  those  units.  Other  considera- 
tions than  the  obtaining  of  uniformity 
must  therefore  serve  to  enable  us  to 
select  the  most  desirable  distribution 
curve. 

Two  such  considerations  are  of 
especial  importance  and  may  therefore 
be  applied  with  especial  propriety. 
First,  we  should  seek  such  a  distribution 
as  will  be  best  suited  for  actual,  practical 
attainment.  This  consideration  is  of 
the  more  importance  because,  as 
shall  find,  even  when  ^maximum  weight 
is  given  to  tliis  consideration,  our 
derived  curve  ^^^ll  present  considerable 
though  by  no  means  insurmountable 
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difficulties  of  practical  realization. 
Second,  the  illumination  at  any  point 
should  be  derived  from  a  source  as 
near  as  possible  in  order  to  avoid 
both  excessively  long  shadows,  and 
the  glare  effect  which  results  from  the 
high  candle-power  made  necessary  by 
illumination  at  great  distances, 

o  o  o  o 


Distribution  Curves  of  Street  Illumination, 
o  indicates  position  of  lamp. 

Fig.  1  shows  one  possible  illumination 
curve.  Here  each  light  furnishes  the 
entire  illumination  on  either  side  out 
to  a  point  midway  to  the  next  light. 
This  curve  would  mean  a  light  dis- 
tribution in  which  the  candle-power 
values  dropped  instantly  from  a  maxi- 
mum to  zero  at  the  angle  subtended 
by  half  the  separation  of  the  units — 
a  condition  impossible  of  satisfactory 
realization.  This  distribution  curve  is 
also  undesirable  because  it  shows  a 
considerably  higher  maximum  candle- 
power  than  would  be  required  by 
certain  other  forms  of  illumination 
curve.    Fig.  2  shows  an  illumination 

o     o     o     o     o  o 


Fig.  8. 

Distribution  Curves  of  Street  Illumination, 
o  indicates  position  of  lamp. 

curve  in  which  the  intensity  values 
decrease  uniformly  from  a  maximum 
directly  beneath  the  lamp  to  zero 
underneath  the  adjacent  lamp.  The 
corresponding  distribution  curve  has 
its  maximum  at  an  angle  sub- 
tended })y  the  separation  of  the  units, 


beyond  which  the  candle-power  values 
drop  instantly  to  zero,  while  in  addition 
the  maximum  has  an  unduly  high 
value.  Fig.  3  shows  an  illumination 
curve  in  which  the  intensity  values 
decrease  uniformly  and  reach  zero 
under  the  lamp  beyond  the  adjacent 
lamp.  Enough  has  already  been 
deduced  to  make  it  obvious  that  the 
corresponding  distribution  curve  would 
be  particularly  undesirable.  Fig.  4 
shows  a  sine  wave  type  of  illumination 
curve — a  more  satisfactory  type  than 
any  above  considered.  This  distribu- 
tion curve  has  a  relatively  low  maxi- 
mum, and  is  as  well  adaptable  to 
practical  realization  as  any  curve 
obtainable.  It  has,  however,  one  de- 
fect. The  maximum  value  occurs  at 
an  angle  considerably  greater  than  that 
subtended  by  half  the  separation  of 
the  units.    To  obtain  minimum  glare 

o    o     o    o     o    o  o 


Fig.  4. 

Fig.  5. 

Distribution  Curves  of  Street  Illumination, 
o  indicates  position  of  lamp. 


effect,  the  angle  of  maximum  candle- 
power  should  be  as  small  as  possible 
in  order  that  the  light  source  may 
be  removed  as  far  as  possible  from  the 
centre  of  the  field  of  vision  when  the 
eye  reaches  the  point  toward  which  the 
maximum  candle-power  is  directed. 

Many  other  types  of  illumination 
curves  could  be  given  and  the  corre- 
sponding distribution  curves  shown 
to  be  open  to  objection.  Suffice  it  to 
say  that  it  can  be  established  by  a 
mathematical  line  of  reasoning,  which 
space  limitations  do  not  permit  to  be 
here  given  in  detail,  that  the  curve 
which  best  meets  the  conditions  im- 
posed is  such  as  shown  in  Fig.  5.  This 
curve  is  formed  by  two  circle  quadrants 
combined  as  shown.    The  correspond- 
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ing  distribution  curve  shows  a  low 
maximum  which  occurs  at  a  sUghtly 
smaller  angle  than  that  subtended  by 
half  the  separation  of  the  units.  It  is 
also  as  well  adaptable  to  practical 
reahzation  as  any  curve  obtainable. 

We  have,  therefore,  obtained  the 
ideal  illumination  curve  from  which 
the  desired  distribution  curve  can  be 


It  is  obvious  that  any  given  distribu- 
tion curve  will  give  the  same  pro- 
portionate illumination  results  so  long 
as  the  relation  between  the  separation 
of  units  and  the  height  above  street 
is  kept  constant.  For,  so  long  as  this 
relation  remains  constant,  the  angular 
relations  are  unchanged.  Let  us  call 
this  relation  M. 
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Fig.  6.— Polar  Distribution  Curve  of  a  Lamp,  to  give  Uniform  Illumination 
when  M=12. 


easily  derived.  Our  next  task  is  to 
put  these  results  into  such  form  as  to 
be  easily  apphcable  to  practical  con- 
ditions. 

Best  Relations  between  Distance 
Apart  and  Height  of  Lamps. 

The  relation  between  any  desired 
illumination  results  and  the  distribu- 


^_distance  between  adjacent  light  units 
height  of  light  unit  above  street 
For  any  value  of  M  there  is  a  given 
distribution  curve  which  will  produce 
the  desired  illumination  result. 

Present-day  street  Hghting  practice 
shows  a  wide  variation  in  the  value 
of  If.  The  writer  has  recently  ad- 
dressed the  managements  of  the  central 
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Fig.  7.— Polar  Distribution  Curve  of  a  Lamp,  to  give  Uniform  IllumiDation 
when  M==4. 


tion  required  to  produce  those  results 
depends,  in  the  type  of  problem  under 
consideration,  upon  : 

a.  The  distance  between  adjacent  units. 

h.  The  height  of  the  light  unit  above 
the  street. 


stations  and  gas  interests  in  most  of 
the  large  cities  of  America  and  through 
their  kind  co-operation  obtained  an 
official  statement  in  each  case  as  to 
average,  maximum  and  minimum  sepa- 
rations,  and  mounting  height  above 
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street.  The  values  of  31  thus  ob- 
tained (based  on  average  separations) 
vary  from  31  =5  to  31=31.  The  smaller 
cities  would  probably  show  in  general 
a  higher  value  for  31  than  the  large 
cities.  All  things  considered  a  value  of 
31=15  can  probably  be  taken  as  the 
most  representative  value  of  present- 
day  American  practice,  with  a  marked 
tendency  towards  smaller  values  in  the 
more  recent  installations. 

Fig.  6  shows  the  distribution  curve 
required  to  produce  uniform  illumina- 
tion when  31=12.  It  needs  no  specialist 
to  point  out  that  such  a  curve  as  shown 
is  impractical  for  actual  reahzation, 
and  would  be  extremely  undesirable, 
even  if  it  were  practical  to  obtain  it, 
on  account  of  the  excessive  glare  effect 
resulting  from  the  very  high  candle- 
power  maximum  at  a  large  angle.  It 
will  be  observed  that  the  maximum 
candle-power  is  about  130  times  the 
minimum,  or  zero  degree,  candle- 
power. 

Fig.  6  serves  one  excellent  purpose. 
It  shows  concisely  and  beyond  argu- 
ment that,  mth  a  value  31=12  or 
greater,  any  attempt  at  adequate  street 
lighting  is  absurd.  If  ignorance  and 
a  false  economy  compel  an  installation 
value  of  31=12  or  greater,  the  pretence 
of  obtaining  "  street  illumination " 
should  frankly  be  abandoned.  Instead, 
the  lights  should  be  installed  on  the 
basis  of  a  system  of  street  markers, 
and  located  where  they  will  best  serve 
in  this  way.  In  such  a  case,  maximum 
usefulness  as  markers  will  be  obtained 
when  the  candle-power  values  at  the 
different  angles  are  as  close  as  possible 
to,  yet  not  exceeding,  the  limits  im- 
posed by  the  avoidance  of  glare  effect. 
Be  it  noted  that  in  sparsely  settled 
districts,  where  the  very  slight  use  of 
the  streets  by  night  may  not  warrant 
adequate  street  illumination,  such  a 
system  of  markers  has  a  very  real 
field  of  usefulness.  But  it  should 
avowedly  be  a  system  of  markers,  not 
an  abortive  attempt  at  street  illu- 
mination. 

The  curves  if  =4  (see  Fig.  7)  and 
31  =Q  would  also  be  comparatively 
easy  of  attainment  with  the  incandes- 
c:!nt  lamp  or  with  the  inverted  gas 
mantle.    This  is  of  especial  importance 


since,  with  these  lower  values  of  ill, 
such  smaller  units  give  amply  sufficient 
intensity  of  illumination  except  in  those 
business  centres  where  night  traffic  is 
considerable. 

Smaller  values  for  31  than  4  would 
obviously  fulfil  all  the  conditions 
imposed  by  the  requirements  of  good 
illumination.  It  will  later  be  shown 
by  our  study  of  glare  effect  that  a  value 
31=3  is  necessary  to  obtain  best 
results  whenever,  on  account  of  shaded 
conditions  of  street  or  other  con- 
siderations, it  is  desirable  to  mount 
the  units  at  a  height  of  15  ft.  or  less 
above  the  street.  Closer  spacing  of 
units  than  31=3  entails  a  corresponding 
increase  in  installation  and  main- 
tenance costs,  and  is  not  demanded 
by  the  illumination  limitations  of  the 
problem. 

Summary  of  Requirements  of  Street 
Lighting. 

Summing  up  the  previous  para- 
graphs, the  requirements  of  good  street 
illumination,  as  determined  by  dis- 
tribution considerations,  are  as  follows  : 
Uniform  horizontal  illumination  is  the 
ideal  to  be  aimed  at,  and  the  approxi- 
mation to  this  ideal  in  actual  practice 
to  within  a  four  to  one  ratio  of  maxi- 
mum to  minimum  may  be  taken  as 
sufficiently  close  for  all  practical  pur- 
poses. The  most  desirable  type  of 
curve  for  the  illumination  delivered  by 
the  individual  unit  is  such  as  shown  in 
Fig.  5.  When  thjg  light  sources  are 
separated  by  a  distance  greater  than 
six  times  the  mounting  height  above 
street,  it  becomes  impractical  to  design 
a  unit  giving  such  light  distribution 
as  would  be  required  for  a  sufficiently 
close  approximation  to  uniform  illu- 
mination. When  the  Hght  sources 
are  separated  by  twelve  times  the 
mounting  height  or  greater,  the  pretence 
of  adequate  street  illumination  becomes 
an  absurdity  ;  and  when  ignorance  of 
the  factors  involved  has  led  to  such 
separations,  best  results  can  be  at- 
tained by  abandoning  all  pretence  of 
street  illumination  and  by  installing 
the  light  units  as  a  system  of  street 
markers.  Separations  of  three  to  six 
times  the  mounting  height  are  required 
by  distribution  considerations. 

(  To  he  continued.) 
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Surface-Brightness,  and  a  New  Instrument  for  its 

Measurement. 

By  J.  S.  Dow  AND  V.  H.  Mackinney. 

(Abstract  of  paper  read  before  the  Optical  Society,  London,  Oct.  13th,  1910.) 


It  is  very  interesting  to  observe 
how  photometry,  from  being  regarded 
merely  as  a  subject  of  academic 
interest,  came  to  be  considered  in 
the  hght  of  an  industrial  process. 

It  was  early  regarded  as  important 
that  the  gas  supplied  should  have  a 
certain  specified  illuminating  power. 
Subsequently  it  was  recognized  as 
equally  important  to  test  the  source  of 
hght.  But  as  early  as  1882  Sir  Wm. 
Preece  pointed  out  that  although 
measurements  of  the  illuminating  power 
of  sources  of  hght  are  very  desirable, 
yet  they  do  not,  strictly  speaking, 
yield  us  the  result  with  which  we  are 
ultimately  concerned.  What  we  are 
really  anxious  to  know,  he  pointed 
out,  is  not  only  the  light  of  the  lamp 
given  by  the  lamp  used  but  the  actual 
intensity  of  illumination  "  on  the 
surface  of  the  book  we  are  reading,  or 
the  paper  on  which  we  are  writing, 
or  of  the  walls  on  which  we  hang  our 
pictures,"  &c. 

Yet,  after  all,  what  really  concerns 
us  is  not  only  the  illumination  arriving 
on  a  surface,  but  the  actual  "  surface- 
brightness  "  which  results.  For  ex- 
ample, it  may  happen  that  a  good 
illumination  is  provided  to  show  off 
the  wall-papers  in  a  room.  But  if 
these  are  of  a  very  dark  tint  only  a 
fraction  of  the  light  reaching  them  is 
reflected  again.  What  is  really  neces- 
sary in  such  cases  is  to  secure  that  the 
walls  have  a  definite  brightness.  In 
the  same  way  it  may  be  urged  that  it  is 
the  surface -brightness  of  the  page  of  a 
book,  after  a  certain  amount  of  light 
has  been  lost  owing  to  absorption 
by  the  paper,  that  enables  us  to  read, 
and  it  is  the  contrast  between  the 
brightness  of  adjacent  objects  which 
enables  us  to  distinguish  one  from 
another.     Naturally    this    does  not 


mean  that  the  measurement  of  illu- 
mination is  superfluous,  nor  that  it 
is  not  still  as  essential  as  ever  to 
measure  the  candle-power  of  the  lamps 
we  use  or  the  illuminating  and  calorific 
value  of  the  gas  we  consume.  But 
the  measurement  of  surface-bright- 
ness would  seem  to  be  an  important 
link  in  the  chain  of  processes  con- 
nected with  the  study  of  illumination, 
all  of  w^hich  have  their  sphere  of 
usefulness. 

The  "  LuMETER "  Surface-Bright- 
ness Photometer. 

It  therefore  occurred  to  the  authors 
that  a  description  of  a  new  form  of 
instrument,  primarily  designed  for  the 
measurement  of  surface  -  brightness 
(though  it  can  also  be  used  for  other 
purposes)  might  be  of  interest.  It  is 
to  be  distinguished  by  the  name 
"  Lumeter." 

The  instrument  was  described  in  its 
crude  form  at  a  recent  meeting  of  the 
Illuminating  Engineering  Society,*  but 
since  that  date  its  principle  has  been 
studied  more  carefully,  and  a  number 
of  improvements  have  been  introduced 
and  difficulties  overcome. 

Description  of  the  Instrument. 

The  general  appearance  of  the  appa- 
ratus is  shown  in  Fig.  1. 

The  idea  of  the  instrument  is  to 
enable  an  observer  to  measure  the 
surface -brightness  of  any  surface  by 
comparing  it  direct  with  a  standard 
illuminated  white  one.  The  manner 
in  which  this  is  done  mil  be  under- 
stood from  Fig.  2.  The  observer  looks 
direct  at  an  illuminated  screen  and 
sees,  through  an  aperture  therein,  the 
illuminated  surface  to  be  studied — for 
example,  a  picture,  or  some  object  in  a 

*  Ilium.  Eng.,  Lond.,  June,  1910. 
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shop  mndow.  This  screen  is  illu- 
minated by  an  opal  glass  plate.  Be- 
hind this  is  a  small  metaUic  filament 
glow-lamp  at  a  sufficient  distance  to 
render  the  screen  of  uniform  brilliancy. 
In  the  illustration  the  screen,  with  its 
circular  aperture,  has  been  taken  out 
and  A\dll  be  seen  resting  against  the 
box.  The  sector-shaped  opal  surface 
can  also  be  clearly  noted. 

The  screen  has  been  made  by  de- 
positing a  matt  white  precipitate  on 
thin  glass  and  then  scraping  away  a 
central  disc.  In  this  way  a  very  fine 
line  of  division  between  the  photo- 
metric surfaces  can  be  secured ;  this 
device,  hke  many  others  utihzed  in  the 
instrument,  is  largely  due  to  the 
ingenuity  of  Messrs.  Conrad  and  William 
Beck.     The    screen    is  subsequently 


Fig.  1.— General  View  of  Luineter  Instrument. 

covered  by  a  thin  glass  plate,  which  is 
bound  in  position.  The  actual  white 
surface  is  thus  preserved  from  air  and 
moisture,  and  the  glass  cover  can  be 
handled  with  safety  and  easily  cleaned. 

The  method  of  altering  the  illumina- 
tion is  somewhat  unusual.  The  screen 
S  (see  Fig.  3)  is  covered  by  an  opaque 
metal  screen,  which  only  allows  a 
sector  to  be  exposed.  In  front  of  this 
evenly  illuminated  sector  two  corre- 
sponding opaque  screens,  attached  to 
levers  A  and  B,  can  be  made  to  pass. 
As  the  screen  A  is  moved  in  front  of  the 
sector  its  area,  and  therefore  its  intensity 
as  a  liglit-source,  will  be  uniformly 
diminished  from,  say,  1  to  0*1.  The 


remaining  intensity,  O'l,  is  derived 
from  the  part  of  the  surface  still  visible 
through  the  ring  R.  The  area  of  R  is 
arranged  to  be  exactly  1-lOth  of  the 
total  area  of  the  bright  sector.  The 
lever  attached  to  A  therefore  travels 
on  an  equally  divided  circular  scale  with 
9  divisions  from  1  to  O'l. 

Having  drawn  across  the  lever  A,  we 
can  gradually  reduce  the  illumination 
still  further  by  also  bringing  over  the 
lever  B.  This  exactly  resembles  A, 
with  the  exception  that  there  is  no  ring 
cut  out.  In  doing  so  we  gradually 
cut  off  the  illuminated  portion  of  the 
opal  plate  still  left  exposed  and  reduce 
the  illumination  uniformly  from  0'  1  to  0. 
The  lever  B  travels  on  a  second  scale 
immediately  above  that  of  A,  graduated 
from  O'l  to  zero. 

Method  of  Calibration. 

A  word  or  two  may  be  said 
regarding  the  units  in  which  the 
scale  ought  to  be  calibrated. 
Strictly  speaking,  the  instru- 
ment measures  "surface  bright- 
ness" or  "intrinsic  brilhancy." 
This  may  be  expressed  either  in 
terms  of  "  candles  per  square 
centimetre  "  or  in  terms  of  the 
illumination  in  lux  or  foot- 
candles  which  a  truly  white  sur- 
face would  have  to  receive  in 
order  to  have  an  equivalent 
brightness.  The  latter  is  the 
method  most  suitable  for  most 
practical  purposes,  and  has  been 
adopted  in  this  instrument. 
Before  using  the  apparatus  one 
adjusts  the  position  of  the  glow  lamp 
illuminating  the  opal  plate  until  the 
brightness  of  the  white  surface  S  (as 
compared  with  another  similar  white 
surface  illuminated  by  a  standard 
lamp  at  a  specified  distance)  is,  say, 
exactly  one  foot-candle.  One  then 
fixes  the  lamp  in  this  position  and 
regards  the  scales  as  registering  in  foot- 
candles. 

It  is,  of  course,  desirable  to  reset  the 
lamp  from  time  to  time  as  the 
pressure  of  the  accumulator  gradually 
drops  and  the  candle-power  of  the  lamp 
eventually  falls.  In  doing  so  it  is 
naturally  preferable  to  utilize  an  in- 
candescent   lamp    or  flame-standard 


SURFACE-BRIGHTNESS. 


657 


mounted  on  a  photometric  bench,  but 
probably  an  accuracy  sufficient  for 
many  practical  purposes  can  be 
attained  by  the  use  of  a  "  standard 
candle  "  placed  exactly  one  foot  away. 
When  using  such  a  candle  (which  should 
be  obtained  from  a  recognized  source), 
draughts  must  be  avoided,  and  it  must 
be  allowed  to  burn  for  about  ten 
minutes  or  so  until  an  even  cup  of 
molten  wax  is  formed.  The  wick 
should  also  assume  its  normal  state, 
being  neither  too  stiffly  upright  nor 
sagging  over  horizontally  so  as  to  cause 
the  flame  to  flare  up.  With  a  little 
care  in  these  respects  an  accuracy 
within  10  per  cent  can  probably  be 
obtained. 

It  is  also  possible  to  check  the 
instrument  roughly  by  noting  the 
illumination  under  some  familiar  con- 
ditions. For  example,  one  of  the 
authors  has  studied  the  illumination  on 
the  table  in  his  hbrary,  and  during  the 
last    two    months    the    reading,  as 


instrument.  For  example,  it  may  be 
desired  to  demonstrate  that  the  illu- 
mination on  a  table  is  multiplied  to  a 
certain  amount  by  using  a  certain 
reflector  ;   or  it  may  be  desired  only 


Fig.  2.— Details  of  Instrument. 

noted  with  this  instrument,  was  never 
more  than  2-0  foot-candles  or  less  than 
1'75 — a  difference  which  might  easily 
have  been  caused  by  a  fluctuation  in  the 
supply  voltage.  Now  for  many  practi- 
cal purposes  an  observer  would  be 
satisfied  with  the  knowledge  that  the 
instrument  has  not  varied  by  more  than 
the  above  percentage. 

It  should  be  noted,  however,  that  in 
many  cases  we  are  only  concerned  with 
relative  values  when   using  such  an 


Fig.  3.— Diagram  of  Sector-aperture. 

to  study  the  distribution  of  illumina- 
tion over  a  table,  wall,  or  illuminated 
placard,  &c.  In  such  cases  the  extreme 
accuracy  of  the  absolute  value  of  the 
result  does  not  greatly  matter  ;  all  that 
is  desired  is  that  the  instrument  shall 
not  vary  during  the  measure- 
ment and  that  the  scale  shall 
be  strictly  proportional. 

Range  of  the  Instrument. 

By  means  of  the  device  already 
described  one  can  measure  values 
from  under  1 -100th  to  one  foot- 
candle.  It  is  also  proposed  to 
equip  the  instrument  with  two 
dark  glasses,  each  absorbing 
1-lOth  of  the  light  passing 
through  them,  in  order  to  in- 
crease the  range  of  the  instru- 
ment upwards.  Either  one  or 
both  of  these  glasses  can  be  in- 
serted in  the  path  of  the  rays 
from  the  surface  studied,  thus 
enabling  values  as  high  as  100 
foot-candles  to  be  measured.  Natur- 
ally some  care  is  necessary  in 
selecting  glasses  which  do  not  un- 
duly absorb  light  of  certain  colours, 
but  there  seems  to  be  little  diffi- 
culty in  securing  that  any  error  so 
caused  will  not  be  material  from  a 
practical  standpoint.  As  an  illustration 
of  the  wide  range  of  brightness  that 
can  be  measured  by  this  means,  it  may 
be  mentioned  that  the  A\Titers  have 
measured  values  of  over  50  foot- 
candles  in  shop-A\dndows,  while  it  is 
also  possible  to  estimate  the  brightness 
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of  the  sky  in  the  night-time.  This 
proved  in  one  case  to  be  about  0*008 
foot-candles.  In  another  case,  owing 
to  the  diffusion  of  light  from  neighbour- 
ing arc-lamps,  a  value  of  0'015  foot- 
candles  was  registered. 

Accuracy  of  the  Scale  and  Necessity 
for  Supervision. 

There  were  a  large  number  of  special 
difficulties  originally  met  with  in 
securing  a  uniform  scale.  It  is  neces- 
sary that  the  opal  surface,  which  is 
ground  on  both  sides,  should  be  per- 
fectly diffusive  and  uniformly  illu- 
minated all  over.  By  gradual  modifica- 
tions in  the  original  design  the  various 
scale  errors  were  gradually  eliminated, 
and  it  is  now  anticipated  that  the  scale 
can  be  regarded  as  correct  within  5 
per  cent  over  its  length.  This  order  of 
accuracy  was  obtained  partly  by  cor- 
rect proportion  and  relative  position  of 
the  lamp,  opal  surface,  and  screen, 
and  also  by  enclosing  the  lamp  in  a 
white  diffusing  chamber,  on  the  prin- 
ciple of  the  Ulbricht  globe. 

The  authors,  however,  would  like  to 
emphasize  the  importance  of  careful 
supervision  in  the  case  of  instruments 
of  this  kind,  as  relatively  small  defects 
may  lead  to  considerable  errors  if  due 
care  is  not  taken.  They  therefore 
propose  to  examine  personally  every 
instrument  before  it  is  sent  out  for  use 
in  order  to  ensure  that  everything  is 
satisfactory.  It  should,  of  course,  be 
understood  that  the  obstacles  referred 
to  above  were  difficulties  in  design  only 
and  not  in  use.  Once  the  instrument 
is  correctly  made  it  should  give  any- 
one using  it  no  trouble,  as  the  parts 
are  not  easily  deranged  and  the  whole 
construction  is  simple. 

Measurement  of  Illumination  and 
Candle-power. 

Although  mainly  intended  for  the 
measurement  of  surface -brightness,  the 
instrument  can  be  easily  employed  to 
measure  illumination.  In  this  case  a 
white  surface  is  exposed  to  the  illu- 
mination of  the  standardizing  lamp, 
and  th(;  same  surface  is  used  for  sub- 
sequent measurements.  For  this  pur- 
pose a  screen  that  is  diffusive  and  dead 
white  is  desirable.  Yet,  as  the  same 
screen  is  used  both  in  calibration  and 


in  experiment,  any  error  caused  by 
imperfect  compliance  with  these  con- 
ditions tends  to  "  cancel  out"  as  far  as 
measurements  of  illumination  are  con- 
cerned. For  practical  purposes,  good 
white  cardboard  or  drawing  paper,  from 
which  any  glaze  has  been  removed, 
answers.  One  case  in  which  white  card 
or  paper  is  convenient  is  in  getting  a 
rough  idea  of  the  reflecting  power  of 
wall-papers,  curtains,  &c.  All  that  is 
necessary  is  to  pin  the  card  on  the 
material  in  question,  and  take,  first,  a 
reading  of  the  illumination  on  the 
white  card,  and  then  of  the  surface- 
brightness  of  the  adjacent  material. 

By  a  very  simple  addition  the  instru- 
ment might  also  be  utilized  to  measure 
the  candle-power  of  lamps  in  a  room  or 
street.  A  small  tube  terminating  in  an 
opal  glass  plate,  ground  on  both  sides, 
is  inserted  in  front  of  the  photo- 
metric screen.  The  observer  then 
merely  presents  the  instrument  towards 
the  lamp  studied  and  balances  the 
illumination  of  this  opal  plate. 
Then,  knowing  the  distance  of  the 
source,  he  can  readily  calculate  its 
intensity.  It  is,  of  course,  necessary 
to  determine  once  for  all  the  constant 
of  the  instrument  before  use  in  this  way. 

Practical  Measurements  of  Illu- 
mination AND  Surface  -  Brightness. 

The  compactness  and  portability  of 
the  instrument,  which  enables  it  to  be 
fixed,  together  with  the  accumulator, 
in  a  small  case  and  carried  knapsack 
fashion  on  the  back,  or  even  in  an 
overcoat  pocket,  is  very  convenient  for 
practical  measurements. 

Moreover,  a  measurement  of  the 
brightness  of  a  surface  by  means  of  this 
instrument  is  unaffected,  within  wide 
limits,  by  the  distance  away  of  the 
observer. 

The  chief  advantage  of  surface - 
brightness  measurement  is  that  it 
enables  one  to  go  right  to  the  root  of  the 
matter — to  study  the  illumination  at  the 
exact  spot  with  which  we  are  concerned. 
With  the  instrument  described  one  can 
determine  not  only  the  illumination 
provided  by  the  fighting  engineer,  but  the 
resulting  actual  brightness  of  the  objects 
illuminated.  Again,  in  studying  dis- 
tribution of  illumination  it  is  often 
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very  convenient  to  measure  surface - 
brightness.  For  example,  one  can 
determine  the  distribution  of  Hght  over 
a  large  placard  or  the  face  of  a  building 
by  merely  pointing  the  instrument 
in  the  desired  direction,  and  in  this  way 
one  can  reach  parts  of  which  it  would 
otherwise  be  extremely  difficult  and 
in  many  cases  almost  impossible  to  get 
a  measurement.  As  an  extreme  illus- 
tration of  measurement  at  a  distance, 
it  may  be  mentioned  that  we  attempted 
to  measure  the  surface  brightness  of  the 
dial  of  the  clock  in  Westminster  Tower, 
which,  viewed  from  the  lower  end  of 
Whitehall,  will  just  cover  the  aperture 
in  the  instrument.  Owing  to  the 
fact  that  the  surface  is  interlaced  with 
opaque  lattice  work  it  was  not  easy  to 
get  an  exact  reading,  but  the  apparent 
illumination  seemed  to  be  between 
1  and  2  foot-candles. 

At  close  quarters  the  method  is  also 
advantageous,  because  one  can  map 
out  the  illumination  on  quite  a  small 
area  ;  e.g.,  the  distribution  of  light 
beneath  table  lamps,  which,  by  the  way, 
is  often  curiously  uneven.  Another 
feature  of  measurement  of  surface- 
brightness  is  that  one  can  often  obtain 
useful  information  by  studying  the 
brightness  of  inaccessible  objects  inside 
glass  cases.  For  example,  one  can 
study  the  contents  of  shop  windows 
without  it  being  necessary  to  take  the 
instrument  inside  among  the  goods,  and 
it  seems  reasonable  to  suggest  that  the 
best  method  of  judging  whether  a 
show  window  is  well  lighted  or  no  is  to 
study  the  appearance  of  the  hghted 
goods  themselves. 

Again,  the  small  white  surface  studied 
can  be  placed  anywhere  we  like,  so  that 
it  is  easy  to  examine  the  illumination  at 
any  point  on  a  tool  or  piece  of 
machinery,  &c. 

In  conclusion,  a  few  experiences  of 
the  use  of  the  instrument  in  various 
interiors,  &c. 

Dwelling  Rooms,  and  the  Study  of  Wall- 
papers. 

The  instrument  can  be  easily  applied 
to  determine  both  the  illumination  and 
the  surface -brightness  of  wall-papers  in 
various  rooms  in  a  house.  All  that  is 
necessary  is  to  set  up  the  white  surface 


on  the  wall  and  to  measure  first  the 
brightness  of  the  white  surface  and 
then  that  of  the  adjacent  wall-paper. 
An  incidental  advantage  of  the  method 
is  that,  the  eye  being  fixed  on  the 
aperture,  the  surface  behind  is  out  of 
focus,  so  that  one  is  unconscious  of 
the  pattern  of  the  paper  studied  and 
automatically  obtains  a  mean  result. 

There  seems  to  be  a  lack  of  data  regard- 
ing the  desirable  surface-brightness  of 
walls  although  general  figures  have 
sometimes  been  quoted  for  the  illu 
mination.  One  would  be  inclined  to 
suggest,  with  reservations,  that  a 
"cheerful"  room  should  have  walls 
with  a  surface -brightness,  by  artificial 
light,  of  not  less  than  0"3  foot -candles. 
No  doubt  in  many  rooms  with  very 
light  walls  much  higher  figures  than 
this  would  be  obtained,  however,  while 
in  certain  other  cases  more  "  subdued  " 
effects  might  be  desired.  Under 
practical  conditions  a  very  fair  order 
of  accuracy  may  be  expected  in  such 
measurements,  and  it  might  be 
supposed  that  this  simple  method 
of  studying  the  absorbing  powers  of 
various  surfaces  would  commend  itself 
to  architects  and  decorators.  At  all 
events  when  an  idea  as  to  the  probable 
absorption  can  be  so  readily  formed 
there  seems  no  excuse  for  the  extreme 
vagueness  that  often  prevails  at  present. 

One  can,  of  course,  easily  ascertain 
the  intensity  of  illumination  on  tables, 
bookshelves,  &c.,  by  attaching  thereto 
the  little  white  surface  on  the  spot 
where  a  measurement  is  desired.  In  a 
library  mentioned  above  the  vertical 
illumination  on  the  bookshelves  is 
rather  over  one  foot-candle  and  the 
horizontal  illumination  on  the  table  in 
the  neighbourhood  of  TS  foot-candles. 

Light  Reflected  by  Various  Qualities  of 
Paper. 

The  same  remarks  might  be  made 
regarding  qualities  of  paper  employed. 
One  is  too  often  inclined  to  suppose  that 
if  an  illumination  of  one  foot-candle 
is  provided  all  has  been  done  that  can 
be  expected  to  render  reading  com- 
fortable. But  the  paper  on  which  the 
characters  are  printed  may  reflect  but 
a  fraction  of  the  light  impinging  upon 
it.    When  one  is  reading  a  newspaper 


660 


THE  ILLUMINATING  ENGINEER. 


in  a  lighted  train  one  frequently  suffers 
through  this  fact  as  well  as  through 
deficient  illumination.  The  following 
figures  were  recently  obtained  for  three 
well-known  newspapers  : — 

Reflecting  Power  (Relative). 
White  Cardboard  100 
Westminster  Gazette  90  (very  approx.) 
Globe       ..        ..    80  „ 
Sporting  Times         53  „ 
And  it  may  be  added  that  the  cardboard 
in  question  was  not  as  white  as  might 
have  been  selected,  so  that  the  results 
are  high,  if  anything.    However,  many 
of  the  papers  in  use,  such  as  blue  tram- 
ways tickets,  some  theatre  programmes, 
&c.,  reflect  very  much  less  light  than 
the  above. 

Studying  Illumination  in  Schoolrooms, 

A  great  deal  has  been  said  recently 
about  the  necessity  for  good  illumina- 
tion in  schoolrooms.  The  chief  require- 
ment in  an  instrument  of  this  class  is 
portability,  and,  provided  it  is  reliable 
in  action  and  not  liable  to  get  out  of 
order,  an  excessive  degree  of  accuracy 
is  seldom  called  for.  Although  a 
knowledge  of  the  horizontal  illu- 
mination on  the  desks  is  useful, 
this  does  not  always  describe  the 
exact  conditions  under  which  the 
child  reads.  He  may  Hft  the  book  at 
such  an  angle  that  he  normally  receives 
but  a  fraction  of  the  horizontal  desk 
illumination.  Or  it  may  be  that,  un- 
fortunately, there  are  obstructions  which 
cast  a  shadow  on  the  page  as  usually 
studied,  or  the  paper  of  the  book  may 
be  of  an  inferior  quality  which  only 
reflects  a  small  quantity  of  light. 
Therefore  the  most  exact  data  regarding 
the  illumination  he  enjoys  would  be 
obtained  by  looking  through  a  surface- 
brightness  photometer  over  the  child's 
shoulder  so  as  to  read  with  the  appa- 
ratus exactly  that  brightness  which  his 
eye  would  receive. 

When  one  comes  to  consider  illu- 
minated black  diagrams  and  black- 
boards we  are  concerned  mainly  with 
surface-brightness.  For  what  really  en- 
abl(!H  a  child  at  the  back  of  the  room  to 
distinguish  the  writing  on  the  board 
is  the  contrast  between  the  black- 
board and  the  chalk. 


Until  one  attempts  to  make  measure- 
ments one  would  hardly  credit  the  varia- 
tions in  daylight  that  occur  even  in  a 
room  liberally  supplied  with  windows. 
At  a  technical  college  known  to  the 
writers  there  is  one  classroom,  30  ft. 
by  25  ft.,  with  high  windows  all  the 
way  down  the  left-hand  side  (facing 
the  street).  Yet  at  5  o'clock  on  a 
September  day  the  illumination  on 
the  best-lighted  desk  was  10  foot- 
candles,  while  the  worst  seat  received 
only  0*6.  Moreover,  the  illumination 
of  the  blackboard  varied  from  5  foot- 
candles  at  one  end  to  only  0*5  at  the 
other. 

Illumination   in    Tramcars,  Railway 
Carriages,  dhc. 

There  are  few  instances  of  wider 
variations  in  lighting  conditions  than 
those  which  seem  to  prevail  in  railway 
carriages  and  tramcars.  As  yet  there 
does  not  seem  to  be  any  regular  standard 
adhered  to,  although  it  may  safely  be 
said  that  the  nature  of  the  illumina- 
tion is  often  a  powerful  inducement  to 
travellers  to  select  one  route  rather  than 
another. 

The  illumination  provided  in  the 
tubes  and  underground  trains  of  London 
varies  very  greatly.  In  one  of  the  tubes 
by  which  the  authors  habitually  travel 
the  horizontal  illumination  is  usually  just 
about  I'l  to  1"3  foot-candles  while  the 
train  is  at  rest  and  0*7  to  0*9  foot- 
candles  when  the  train  dives  into  the 
tunnel.  This  value  has  been  repeated 
so  often  that  one  could  almost  check 
the  instrument  by  a  reading  on  this 
tube. 

In  other  cases  readings  between  2  and 
3  foot-candles  were  obtained,  while  in 
one  comparatively  short  journey  on 
another  tube  the  illumination  fluctuated 
between  0*2  and  0*8  foot-candles. 
Perhaps  the  most  remarkable  instance 
of  poor  illumination  was  a  tram  in 
which  the  illumination  danced  about 
between  01  and  0-2  foot-candles. 
The  surface -brightness  of  one  series 
of  time-tables  immediately  opposite 
a  lamp  was  0*3  foot-candles ;  but 
another  series  a  little  further  along 
yielded  a  result  of  only  0-07  !  The 
surface-brightness  of  clocks  in  several 
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tube  stations  was  as  low  as  0  2  and 

0'03  foot-candles  respectively. 

Other  Uses   of  the  Instrument. 

As  stated  above,  the  idea  of  the 
authors  in  devising  this  instrument 
has  been  first  and  foremost  to  provide 
a  compact  and  portable  apparatus 
for  the  measurement  of  surface-bright- 
ness and  illumination  in  any  plane. 
Nevertheless,  special  care  was  taken 
in  the  design  of  this  instrument 
in  the  hope  that  it  might  also 
be  found  useful  for  many  laboratory 
purposes  in  which  the  very  highest 
precision  necessary  for  standard  work 
was  not  demanded.  It  is  some- 
what curious  that  in  photometrical 
laboratories,  in  technical  colleges, 
&c.,  there  is  often  no  mean  between 
extremely  elaborate  experiments  and 
the  use  of  inconvenient  and  antiquated 
apparatus. 

An  instrument  such  as  this,  in  which  a 
uniform  scale  is  employed,  saves  a  con- 
siderable amount  of  time,  since  the 
result  can  be  read  off  at  once ;  and 
the  long  calculations  based  on  the 
mverse  square  laws,  usually  associated 
with  work  on  a  photometric  bench,  are 
avoided.  Probably,  therefore,  an  in- 
strument based  on  this  system,  which 
can  be  used  to  measure  either  surface- 
brightness  illumination  or  candle- 
power,  would  often  be  a  valuable, 
adjunct  in  the  photometrical  laboratory. 
Its  portability  and  compactness  would 
often  be  an  advantage,  since  a  photo- 
metric bench  takes  up  a  great  deal  of 
room  and  is  not  readily  transferred 
from  one  part  of  the  room  to  another. 
The  instrument  should  therefore  be 
serviceable  for  fundamental  experiments 
by  students  on  glowlamps,  &c.,  as  well 
as  for  illumination  measurements.  Dur- 


ing an  experiment  the  apparatus  should 
be  mounted  on  a  short  tripod.  One  type 
of  experiment  for  which  it  seems  particu- 
larly well  suited  is  the  study  of  the 
absorption  powers  of  solutions  and 
glasses,  &c.,  and  the  reflecting  power  of 
different  surfaces. 

It  might  also  be  applied  to  obtaining 
polar  curves  of  light  distribution, 
gince  it  can  readily  be  pointed  at  a 
lamp  so  as  to  receive  the  light  from 
any  desired  direction.  Another  possible 
method  of  applying  the  instrument  for 
this  purpose  would  be  to  fit  it  with 
an  elbow  tube  terminating  in  a  ground 
opal  plate  which  could  be  rotated  to  any 
desired  angle  without  the  position  of 
the  instrument  being  affected. 

The  authors  desire  to  express  their 
appreciation  of  the  care  and  trouble 
taken  by  Messrs.  R.  &  J.  Beck,  Ltd. 
(68,  Cornhill,  London,  E.G.),  the  makers 
of  the  instrument,  and  to  mention  their 
indebtedness  to  Messrs.  Conrad  and 
William  Beck  for  many  valuable  sug- 
gestions which  have  been  taken  advan- 
tage of  in  the  design.  Acknowledg- 
ment is  also  due  to  the  courtesy  of  the 
Holophane  Co.  in  granting  permission 
for  tests  of  the  instrument  to  be  carried 
out  in  their  laboratory. 

And  in  conclusion  the  authors  would 
like  to  record  their  grateful  apprecia- 
tion of  the  encouragement  and  interest 
in  this  work  of  Mr.  L.  Gaster  and  their 
consciousness  of  the  benefit  derived 
from  the  recent  discussions  of  the  Illu- 
minating Engineering  Society  on  the 
subject  of  '  Glare,  its  Causes  and 
Effects,'  and  '  The  Measurement  of 
Light  and  Illumination,'  which  were 
largely  instrumental  in  suggesting  the 
value  of  an  instrument  of  this  kind. 


A  short  discussion  then  ensued. 

Mr.  Conrad  Beck  referred  briefly 
to  the  extreme  variations  that  occurred 
in  daylight  illumination.  The  wide 
range  of  the  instrument  should  render 
it  specially  convenient  for  studying 
these  fluctuations. 

Mr.  L.  Gaster  pointed  out  that  what 
was  chiefly  wanted  for  many  practical 


purposes  was  not  so  much  very  extreme 
accuracy  as  convenience  and  sim- 
phcity.  He  was  particularly  glad  to 
note  that  the  authors  intended  to 
examine  each  instrument  before  it 
was  sent  out,  as,  in  his  experience,  such 
supervision  was  very  necessary,  and 
perhaps  especially  so  in  the  case  of 
photometric  instruments. 
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Mr.  J.  Darch  referred  to  the  tendency 
in  modern  lighting  to  secure  a  soft 
effect  by  screening  the  lamps  and 
making  use  of  diffused  hght  from  good 
reflecting  surfaces.  He  thought  an  in- 
strument such  as  this,  which  would 
enable  one  to  obtain  a  ready  idea  of 
the  brightness  of  illuminated  surfaces, 
would  be  very  serviceable,  and  he  had 
been  looking  for  such  an  instrument  for 
years. 

Mr.  E.  P.  Holhs  inquired  whether 
it  would  not  be  better  to  use  only  the 
diffused  hght  in  the  white  chamber  to 
illuminate  the  opal  screen,  so  as  to 
secure  greater  uniformity,  and  to  screen 
off  the  direct  rays  from  the  small 
glow-lamp. 

IVIr.  i^.  Smith  remarked  on  the  diffi- 
culty of  securing  neutral  dark  glasses 
and  of  testing  this  matter  spectro- 
scopically. 

Mr.  S.  D.  Chalmers,  after  making 
some  general  remarks  on  the  importance 
of  measurements  of  illumination,  went 
on  to  suggest  that  it  might  be  desirable 
to  add  some  apparatus  to  the  instru- 
ment which  would  enable  an  experi- 
menter to  tell  when  the  accumulator 
required  to  be  recharged.  He  also 
suggested  that  a  possible  method  of 
reducing  the  light  from  surfaces  studied 


would  be  to  make  use  of  a  double 
reflection  from  two  thin  glass  plates. 

In  reply  Mr.  Dow  said  that  there 
would  be  no  difficulty  in  adding 
accessory  apparatus  to  measure  the 
voltage  of  the  accumulator,  but  this 
would  add  to  the  bulk  and  cost  of  the 
instrument,  and  he  was  inclined  to 
think  that  the  experience  of  the  ob- 
server should  suffice.  One  indication 
of  a  falhng  pressure  was  that  the  light 
from  the  lamp  became  yellower  in  tint. 
The  suggestion  regarding  the  reduction 
of  light  by  reflection  was  one  which 
should  certainly  be  borne  in  mind. 

As  regards  Mr.  Smith's  point,  he 
thought  glasses  could  be  secured  suffi- 
ciently neutral  for  practical  purposes, 
but  in  accurate  spectroscopic  work 
he  would  prefer  to  use  some  other 
method  of  dimming  the  light. 

It  was  convenient  to  use  the  direct 
light  from  the  small  lamp  in  the 
whitened  chamber,  as  the  motion  of 
this  lamp  to  and  fro  afforded  a  simple 
method  of  setting^e  instrument.  More- 
over, if  one  depended  only  on  the  light 
diffused  in  the  chamber,  it  would  be 
somewhat  difficult  to  secure  a  suffi- 
ciently high  illumination  of  the  photo- 
meter screen. 


The   Time   Taken  by  the   Eye  to  Perceive  a  Flashing 

Light. 


It  seems  to  have  been  accepted  in  the 
past  by  engineers  concerned  with  the 
design  of  flashing  lights  for  lighthouses 
that  a  flash  must  persist  for  at  least 
one-tenth  of  a  second  in  order  to  be 
clearly  perceived  by  distant  observers. 
Dr.  W.  McDougall,  however,  in  a  recent 
paper  in  the  Journal  of  Psychology, 
points  out  that  the  few  experiments  that 
have  been  made  were  not  sufficiently 
complete.  They  have  not  taken  into 
account  either  the  variation  of  this 
period  according  to  the  intensity  of  the 
light,  or  the  fact  that  very  dim  lights 
are  always  more  readily  perceived  by 
the  peripheral  retina  of  the  retina  ;  this 
is  more  sensitive  to  a  feeble  light  than 
th(!  fovea,  the  central  part  of  which  is 
mainly  utiUzcd  at  high  illuminations. 


It    is    known    by  astronomers,  for 
example,  that  a  weak  light  can  most 
readily  be  seen  out  of  the  tail  of  the  eye. 
He  has  sought  to  supply  this  deficiency 
in  data.    His  apparatus  consisted  of  a 
large  revolving  disc  having  sectors  cut 
out  at  its  periphery.    This  is  placed  in 
front  of  a  lantern  so  as  to  alternately 
cover  and   expose   a   spot   of  light. 
Having  carried  out  a  large  number  of 
experiments  on  the  time  required  to 
perceive  very  dim  hghts,  he  finds  that, 
for  the  dimmest  light  which  is  per- 
ceptible at  all,  a  minimum  of  i  sec. 
is  required. 

It  appears  from  this  that  many  of  the 
flash  lights  now  in  use  might  be  visible 
at  greater  distances  if  they  were  exposed 
for  a  somewhat  longer  period. 
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A  Note  on  the  Selective  Emission  of  the  Acetylene  Flame. 

By  W.  W.  Coblentz. 


I. — Historical. 

That  particles  of  incandescent  carbon 
in  flames,  and  especially  incandescent 
lamp  filaments  of  carbon,  can  have 
a  sharp  band  of  selective  emission  just 
beyond  the  visible  (red)  spectrum  has 
always  seemed  to  the  writer  to  be  doubt- 
ful. The  properties  of  "  soot "  and 
"  lamp  black  "  are  a  high  absorptivity 
in  the  violet  which  decreases  rapidly 
just  beyond  the  red.  The  experiments 
of  Ladenburg*,  on  the  absorptivity  of 
the  incandescent  particles  in  the  acety- 
lene flame,  show  a  similar  property  of  a 
high  absorption  in  the  visible  spectrum 
which  decreases  uniformly  in  the  infra- 
red. In  order  to  have  a  sharp  band  of 
selective  emission  tjje  flame  should 
show  a  band  of  strong  well-defined 
absorption  in  this  same  region.  The 
curves  of  Ladenburg  do  not  indicate 
such  a  condition.  From  all  the  experi- 
mental data  now  at  hand  one  would 
expect  a  much  higher  emissivity  in  the 
violet,  decreasing  uniformly  into  the 
infra-red,  just  as  obtains  in  the  metals. 

That  this  is  actually  the  case  for 
acetylene  was  found  by  Dr.  Burgess, 
who  kindly  made  the  measurements 
with  an  optical  pyrometer. f  The  pyro- 
meter showed  an  emissivity  equivalent 
to  a  black  body  at  a  temperature  of 
1357°  in  the  red,  to  1450°  in  the  green, 
and  to  1475°  in  the  blue,  which  is  the 
order  of  selective  emission  of  metals. 

Spectrophotometric  intercomparisons 
of  various  flames  and  incandescent 
lamps  seem  to  show  a  band  of  selective 
emission  in  the  deep  red.  The  logical 
procedure  is,  of  course,  to  compare  such 
sources  against  a  black  body  which 
cannot  emit  selectively  in  favour  of 
some  particular  spectral  region.  During 
the  summer  of  1908  the  writer  placed 
his  services  and  his  furnace,  "  black 


*  Ladenburg,  Phys.  Zeit..  Vol.  VII.,  p.  697, 1906. 
t  See  Bulletin  Bureau  of  Standards,  Vol.  V., 
p.  364,  Table  3. 


body,"  at  the  disposal  of  Dr.  E.  P. 
Hyde,  to  make  a  spectrophotometric 
examination  (to  *71/x  in  red)  of  carbon 
lamps  against  the  "  black  body "  ; 
but  no  selective  emission  could  be  found 
in  the  carbon  lamps.  Upon  the  writer's 
insistence  that  the  only  logical  thing 
to  do  was  to  examine  also  the  acetylene 
flame,  Dr.  Hyde*  kindly  consented  to 
supply  an  assistant  to  aid  in  the  work. 

At  that  time  no  permanent  a(?etylene 
apparatus  was  at  hand,  and  a  tem- 
porary generator  and  gasometer  were 
constructed  with  which  acetylene  gas 
was  produced  for  two  series  of  spectro- 
photometric comparisons,  and  for  the 
pjrrometric  (temperature)  compari- 
sons just  mentioned.  Because  of  the 
difficulty  of  operation  and  lack  of 
assistance  the  work  was  discontinued 
until  the  completion  of  the  Bureau's 
permanent  acetylene  gas  generating 
apparatus,  which  now  consists  of  an 
automatic    generator,    attachable  to 

*  Hyde,  Journal  FranUin  Institute,  Vol.  170» 
p.  29,  1910.  A  con-Qiition  with  reference  to  the 
statements  on  p.  26  is  also  desirable.  The  black 
bodies  used  were  not  constructed  in  the  same 
way  (see  The  Illuminating  Engineer,  London,  3, 
p.  451, 1910),  which  speaks  well  for  the  agreement 
in  the  measurements.  The  quoted  temperature 
difference  amounting  to  8"  is  erroneous,  and 
attention  was  called  to  this  fact  at  the  time  the 
work  was  done.  A  subsequent  examination  of 
black  body  No.  2  by  means  of  a  newly  calibrated 
thermocouple  and  also  with  an  optical  pyrometer 
showed  that  the  maximum  allowable  difference 
between  the  thermocouple  scale  and  the  optical 
temperature  scale  was  5'^  and  it  may  have  been 
as  small  as  3°.  On  the  whole,  it  is  felt  that  the 
temperature  measurements  of  the  two  black 
bodies  could  not  differ  by  more  than  8°  to  o'^  or 
one  part  in  400  to  600,  which  is  more  precise 
than  any  one  will  be  willing  to  guarantee 
absolute  temperature  measurements  at  1400*^  to 
1500''  C.  Now,  any  one  at  all  familiar  with  the 
measurement  of  the  temperature  of  the  radiating 
wall  of  a  "black  body"  furnace  at  excessive 
temperatures,  as  was  done  in  this  case,  without 
recalibrating  the  thermocouples  immediately 
thereafter  will  appreciate  that  the  precision  we 
attained  was  very  satisfactory.  The  discrepancy 
of  8^  is  to  be  sought  for  elsewhere  than  ia  the 
temperature  measurements,  and  may  just  as 
legitimately  be  ascribed  to  changes  in  the  com- 
parison lamp,  of  which  but  one  was  used  in 
making  the  colour  match  settangs. 
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either  a  high-  or  a  low-pressure  genera- 
tor. The  spectrophotometric  data  then 
obtained  having  been  taken  away  from 
the  Bureau,  reference  could  not  be  made 
to  it  until  Avithin  the  past  few  weeks. 
It  now  appears  to  the  writer  that  the 
conclusions  of  a  selective  emission  at 
•7/x  was  unwarranted,  although  the  data 
then  obtained  seem  to  indicate  such  a 
selectivity.  The  eye  is  not  sufficiently 
sensitive  to  differences  in  intensity  for 
frequencies  beyond  *7/x  to  put  much 
reliance  in  spectrophotometric  observa- 
tions. Moreover,  from  recent  experi- 
ences with  the  spectrophotometer  used, 
the  writer  feels  that  even  a  substitution 
method  of  comparison  may  not  eliminate 
all  errors.  In  the  apparatus  used  by 
us  the  photometric  field  is  not  evenly 
extinguished  by  the  rotating  sector 
(in  this  device  the  sector  is  stationary 
and  the  beam  of  light  is  rotated),  the  line 
of  extinction  being  from  the  lower  right- 
hand  quadrant  to  the  upper  left-hand 
quadrant.  In  the  extreme  red,  the  eye 
therefore  unconsciously  tends  to  wander 
from  side  to  side,  and  inconsistent 
settings  result.  In  some  recent  spectro- 
photometric work  consistent  results 
were  obtained  by  fixing  the  eye  on  the 
central  part  of  the  photometric  field. 
If  the  same  conditions  obtained  in  our 
acetylene  comparisons  the  apparent 
selectivity  is  easily  explained. 

Suffice  it  to  say  that  any  selectivity 
of  even  a  small  part  that  recorded 
spectrophotometrically,  could  not,  as 
will  be  noticed  presently,  have  escaped 
detection,  radiometrically.  The  radio- 
metric observations  at  any  spectro- 
meter setting  are  in  agreement  to  one 
p3r  cent.,  which  accuracy  cannot  be 
claimed  with  the  spectrophotometer. 
As  the  one  principally  responsible  in 
undertaking  this  work,  the  writer  can 
but  express  his  regrets  that  any  one 
should  be  misled  into  a  "  discovery  " 
of  selectivity  from  the  data  then 
obtained.  Other  data  then  at  hand 
wero  overwhelmingly  against  the  spec- 
trophotometric results  and  with  the  new 
data,  to  be  discussed  presently,  the 
writer  feels  no  necessity  for  changing 
the  views  then  expressed,*  namely,  that 


*  BihlMin  Bureau  of  Slandarda,  Vol.  V.,  p.  376 
and  .{77,  im 


the  apparent  spectrophotometric  selec- 
tivity is  due  to  an  increase  in  trans- 
parency of  the  acetylene  flame  in  the 
infra-red,  and  also  probably  to  the  fact 
that  no  correction  has  been  made  for 
luminosity. 

The  discovery*  of  this  selective 
emission  from  an  analysis  of  the  spectral 
energy  curves  of  acetylene  determined 
by  Stewart t  can  have  but  little  meaning. 

It  is  no  reflection  on  Stewart's  work 
to  indicate  that  because  of  the  limita- 
tions of  the  apparatus  it  would  not  have 
been  used  to  settle  a  question  such  as 
the  one  now  under  discussion.  The 
fluorite  prism  used  had  a  small  refract- 
ing angle  and  the  whole  visible  spec- 
trum (as  the  writer  recalls  seeing  it)  was 
only  a  few  millimeters  wide.  Further- 
more, the  first  published  spectral 
energy  curve  is  erroneous  due  to  the 
improper  slit-width  correction,  and 
especially  due  to  the  lack  of  know- 
ledge of  the  absorption  by  the  silver 
spectrometer  mirrors,  so  that  but  little 
significance  can  be  attached  to  a  dis- 
covery of  selectivity  by  an  analysis 
of  these  curves  which  show  no  irregu- 
larities greater  than  allowable  for 
experimental  errors  ;  and  Hyde's  com- 
puted black  body  temperature  oi  2050° 
C.  does  not  prove  the  point  in  question. 
In  this  respect  the  present  data  are  but 
a  corroboration  of  Stewart's  curves. 

II. — Recent  Experimental  Data. 

The  data  herewith  presented  are  part 
of  an  extensive  investigation  of  the 
spectral  energy  distribution  of  various 
illuminants,  the  results  of  which  will  be 
published  in  the  near  future.  All  the 
apparatus  used  was  of  special  con- 
struction for  this  investigation,  and 
hence  the  problem  has  been  on  hand 
for  a  long  time.  The  spectrometer 
was  of  special  construction,  with  piano- 
curve  telescope  lenses  of  quartz  6  cm. 
in  diameter  and  18  cm.  focal  length, 
and  a  large  60°  quartz  prism.  A  light 
flint  glass  prism  was  also  employed  as  a 
check  on  this  work.  The  dispersion 
of  the  latter  is  almost  three  times  as 
great  as  in  quartz,  which  rendered 


*  Hyde,  Journal  FrmiUin  Institute,  Vo!.  170, 
p.  29,  1910. 

^^^Stewart,  Phys.  Rev.,  IS,  p.  257, 1901 ;  16,  p.  123 
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observation  difficult  in  the  violet.  The 
light  gathering  power  of  this  instrument 
is  six  times  that  used  in  previous  inves- 
tigations of  acetylene.  The  dispersion 
is  also  considerably  greater  than  used 
heretofore,  being  almost  five  times 
as  great  when  using  the  glass  prism. 
There  is  no  uncertain  absorption  due 
to  silvered  mirrors.  The  instrument 
was  capable  of  gathering  in  sufficient 
light  and  of  producing  a  sufficiently 
long  visible  spectrum  to  make  obser- 
vation easy,  accurate,  and  free  from 
doubt.  If  a  selective  emission  band  of 
appreciable  intensity  exists  at  '7  /x  it 
must  therefore  be  observable  in  the 
spectral  radiation  curve.  Other  instru- 
mental details  need  not  be  entered  into 
in  this  paper,  and  it  will  be  sufficient 
to  add  that  the  radiation  was  measured 
by  a  Rubens  thermopile  of  special  con- 
struction. Because  of  the  great  light 
intensity,  a  high  sensitivity  was  neces- 
sary and  the  galvanometer  was  used 
on  a  full  period  of  only  5  seconds, 
corresponding  to  ^=2xl0~^°  amp. 
Magnetic  and  thermal  disturbances 
were  inappreciable.  In  fact,  with  this 
apparatus  far  less  difficulties  were  ex- 
perienced than  in  the  general  infra-red 
investigations ;  which  is  just  the 
opposite  from  what  was  expected  before 
undertaking  the  work.  To  be  able  to 
make  a  reading  in  5  seconds  instead 
of  5  to  10  minutes,  as  was  necessary 
heretofore  is  an  important  item, 
especially  when  examining  an  open 
flame  subject  to  various  fluctuations  in 
the  surrounding  conditions. 

From  the  fact  that  the  galvanometer 
did  not  have  to  be  forced  to  its  highest 
sensitivity  it  is  not  to  be  inferred  that 
spectral  energy  curves  in  the  visible 
can  be  easily  observed  with  ordinary 
apparatus.  The  intensity  in  the  yellow 
is  about  400  times — and  in  the  red 
(•725  fx)  it  is  about  3,000  times  that  at 
•38  /X.  On  the  larger  mirror  spectro- 
meter using  the  small  fluorite  prism 
previously  described,  and  the  same 
galvanometer  period  of  5  sec,  the 
Nernst  glower  gave  a  deflection  of  about 
2,000  cm.  at  the  point  of  maximum 
emission.  With  6  times  the  hght- 
gathering  power,  which  obtains  in  this 
instrument,  the  deflections  would  have 
been  12,000  cm.  at  the  point  of  maxi- 


mum emission.  With  the  present 
instrument  using  a  quartz  prism  the 
intensity  of  maximum  emission  of  the 
Nernst  glower  would  be  about  90,000 
times  that  at  •38/x.  For  the  present 
investigation,  the  acetylene  was  pro- 
duced by  a  commercial  automatic 
generator.  The  gas  was  piped  from 
another  building.  It  was  burned  as 
it  came  from  the  gasometer  without 
additional  drying,  and  hence  was  in- 
vestigated as  in  previous  experiments. 
For  the  flat  flame,  a  Von  Swarz  "  Per- 
fection "  acetylene  burner  was  used. 
Its  rated  capacity  is  |  cubic  feet  per 
hour  operated  on  a  pressure  of  7  cm. 
(2 J  ins.)  of  water.  A  lava  tip  of  a 
"  Naphey  "  burner  was  also  used.  This 
consumed  |  cubic  feet  per  hour.  It 
gave  a  cylindrical  flame  about  3  cm, 
high.  Spectral  energy  curves  of  these 
two  flames  were  also  obtained  when 
burning  under  a  gas  pressure  of 
10  cm.  (4  ins.)  of  water.  It  was 
then  found  that  the  curves  of  the 
two  flames  coincided  exactly  when 
operated  under  the  same  gas  pressure. 
No  data  were  obtained  of  the  cylin- 
drical acetylene  flame  when  burning 
under  7  cm.  water-pressure.  The 
observations  on  the  flat  flame  show 
that  for  the  same  intensity  in  the  violet 
the  intensity  in  the  red  is  greater  on  the 
normal  water-pressure  of  7  cm.  than 
on  the  higher  pressure  of  10  cm.  water. 
In  view  of  the  fact  that  the  observa- 
tions on  the  flat  flame  were  made  on 
different  days  with  different  adjust- 
ments of  the  flame  before  the  spectro- 
meter slit,  further  observations  will  be 
necessary  to  determine  whether  this 
is  solely  due  to  a  variation  in  pressure 
or  due  to  a  variation  in  the  thickness 
of  the  radiating  layer.  The  effect 
observed  is  probably  due  to  pressure,  lor 
the  spectral  energy  curves  subsequently 
obtained  from  the  flat  flame  radiating 
into  the  spectrometer  slit  flat-wise  and 
edgewise,  under  the  same  pressure, 
were  coincident  throughout  the  whole 
visible  spectrum  to  •S/x  in  the  infra-red. 
In  these  three  series  of  measurements, 
using  the  quartz  prism,  no  selective 
emission  (which  should  manifest  itself 
as  a  hump  at  •7/x  in  the  spectral  energy 
curve)  could  be  observed  either 
in    the    prismatic    or    the  normal 
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SPECTRAL  ENERGY  DISTRIBUTION  OF 
ACETYLENE. 


— — —  Prismatic  Spectrum  ;  Glass  •  •  • 
 Normal  S„ectr„m{gS^°°g 


curve.  The  apparatus  was  therefore 
readjusted  and  a  light  flint  siUeate 
prism  substituted  for  the  one  of  quartz. 
With  this  large  dispersion,  using  the 
rest  of  the  apparatus  as  before,  the 
galvanometer  deflections  were  reduced 
to  5  cm.  in  the  yellow  and  a  total 
deflection  of  35  cm.  in  the  red.  For 
accuracy  in  measuring  the  galvano- 
meter deflections  all  readings  were 
reduced  to  about  15  cm.  and,  since  the 
deflection  could  be  read  accurately  to 
0'3  mm.  or  0*5  mm.,  a  precision  of  a 
part  in  300  to  400  would  easily  have 
been  possible.  But  the  flame  was  sub- 
ject to  fluctuations,  due  to  air  currents, 
of  1  to  2  mm.  so  that  this  precision  was 
considerably  reduced.  The  results  ob- 
tained are  shown  graphically  in  Fig.  1 , 
in  which  the  continuous  lines  give  the 
observation  in  the  prismatic  (glass) 
spectrum  and  the  dotted  lines  give 
this  same  data  reduced  to  the  normal 
spectrum.  The  normal  spectral  energy 
curve  of  the  flat  flame  obtained  by 
using  the  quartz  prism,  coincides, 
within  1  percent.,  throughout  the  whole 
length  of  the  normal  curves  given  in 
Fig.  1. 

This  is  an  excellent  test  of  the  factors 
used  in  reducing  the  prismatic  curves 
to  the  normal  curve. 


{To  he  continued.) 


Dies  for  Squirting 

Mr.  G.  S.  Merrill,  in  a  paper  before  the 
American    Institution    of  Electrical 
Engineers,  gives  some  account  of  the 
difficulties  in  squirting  flne  tungsten 
filaments. 

The  die  used,  he  says,  consists  in  a 
small  diamond,  mounted  in  a  steel 
casting,  and  having  a  hole  drilled 
through  it  which,  in  some  cases-,  is  only 
0.0014  in.  in  diameter.  The  tungsten 
paste  is  forced  through  this  small  hole 
at  an  enormous  pressure,  32,000  lbs.  per 
square  inch  being  a  usual  figure.  Mr. 
Merrill  explained  that  this  pressure 
causes  very  rapid  abrasion  of  the  die, 
and  a  constant  increase  in  the  diameter 


Tungsten  Filaments. 

of  the  hole.  Moreover,  as  the  abrasion 
is  not  uniform,  the  hole  enlarges  more 
rapidly  across  one  diameter  than  the 
other,  and  thus  becomes  elHptical  in 
shape.  This  is  a  serious  matter,  for 
after  about  1,500  filaments  have  been 
squirted,  it  becomes  necessary  to  re- 
bore  the  die,  an  operation  which  is  very 
expensive,  and  cannot  be  repeated 
more  than  twice  on  the  same  die  without 
developing  cracks  or  fissures. 

Sapphire  has  been  tried  as  a  material 
for  dies,  but  with  even  less  successful 
results,  for  in  this  case  the  die  needs 
redrilHng  after  about  100  filaments 
have  been  squirted. 


THE  ILLUMINATING  ENGINEER. 


667 


The  Advantages  of  Low  Pressures  for  Metallic  Filament 

Glow-Lamps. 


The  choice  of  pressure  to  be  adopted 
for  a  particular  system  of  lighting 
must  naturally  depend  somewhat  on 
the  local  conditions,  but  the  following 
points,  taken  from  a  recent  number  of 
UElectriden  (Aug.  13,  1910)  and  else- 
where, may  serve  to  bring  out  the  chief 
advantages  of  employing  a  low  tension 
in  the  case  of  metallic  filaments,  and 
the  devices  to  which  this  fact  has  given 
rise. 

The  main  consideration  is  that  low 
tension  makes  possible  the  use  of  short 
and  thick  filaments,  which  possess 
greater  durability.  Quite  apart  from 
the  greater  mechanical  strength  of  a 
thick  filament,  the  current  consumption, 
for  a  given  surface  temperature  and 
output  of  light,  is  said  to  be  actually 
less  than  when  using  a  thin  filament. 
Now  the  life  of  a  lamp  is  partly  a  ques- 
tion of  blackening  of  the  bulb;  this 
again  depends  on  the  surface  tempera- 
ture of  the  filament.  Hence  the  smaller 
current  consumption  referred  to  means 
an  increased  efficiency  with  the  same 
length  of  life.  Another  advantage  of 
the  thick  filament  is  its  greater  capacity 
for  heat.  This  constitutes  a  sort  of 
inertia,  which  tends  to  diminish  the 
amplitude  of  the  temperature  wave 
due  to  the  oscillations  of  alternating 
current  at  a  given  frequency.  It  has 
been  shown  quite  recently  that  at 
10  or  11  volts  a  perfectly  steady  light 
can  be  obtained  by  working  with  a 
metal  filament  lamp  having  a  con- 
sumption of  1-5  to  1-7  watts  per  candle, 
and  with  a  frequency  as  low  as  15 
reversals  per  minute.  This  suggests 
the  possibility  of  applying  to  lighting 
the  low  frequencies  which  have  hitherto 
only  been  suitable  for  traction. 

There  is  another  interesting  point, 
peculiar  to  tungsten  lamps,  in  con- 
nexion with  this  temperature  inertia 
of  thick  filaments.  The  surface  tem- 
perature of  the  filaments  of  these 
lamps,  working  at  M  watts  per 
candle,  is  about  1700°  C.     Now  the 


maximum  value  of  the  voltage  in 
alternating  current  is  at  least  times 
the  R.M.S.  value,  and  on  peaked  waves 
might  be  considerably  more.  Hence 
at  a  given  moment  in  the  wave  the 
temperature  of  the  filament  must  be 
considerably  higher  than  1700°  C, 
and  may  even  approach  the  melting- 
point  of  Tungsten  (2200°  C).  It  is 
suggested  that  this  may  account  for 
the  corrugated  form  which  filaments 
assume  after  working  on  alternating 
current ;  there  may  be  periodical 
softening  as  the  melting-point  is  ap- 
proached. Clearly  it  is  an  advantage 
to  increase  as  much  as  possible  this 
calorific  inertia,  so  that  whilst  using 
very  high  temperatures  for  economic 
working,  the  filament  should  not  be 
carried  too  near  the  melting -limit. 

To  gain  the  advantages  set  forth 
above  requires  that  lamps  should  be 
run  at  a  pressure  of  about  20  volts, 
and  this  is  clearly  out  of  the  question 
for  a  public  supply.  There  are,  how- 
ever, three  ways  of  overcoming  this 
difficulty  : — 

(1)  By  wiring  lamps  in  series. 
This  method  is  attended  with  certain 
difficulties,  chiefly  on  account  of  the 
inequalities  of  lamps  as  regards 
diameter  of  filament  and  specific 
resistance.  If  two  lamps  are  not 
accurately  "  paired,"  as  regards 
current  and  specific  consumption, 
one  of  them  is  apt  to  be  overrun 
and  rapidly  gives  way.  Moreover,  it 
would  still  be  impossible  to  use 
really  low  voltages,  as  the  number 
of  lamps  to  be  run  in  series  would 
be  too  great. 

(2)  By  using  step  -  down  trans- 
formers. Naturally  tliis  method  can 
only  be  used  on  alternating  current 
systems,  but  when  this  is  the  case 
it  is  often  worth  while  to  work  off 
transformers  even  from  such  low 
pressures  as  110  volts,  and  on  higher 
voltages  the  advantages  will  be  all 
the  greater. 
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MM.  Blondel  ani  Weismaim  re- 
commend placing  the  transformers  as 
near  the  lamps  as  possible,  i.e.,  between 
each  group  of  lamps  and  the  controlling 
switch.  This  is  mainly  because  the 
variations  in  pressure  due  to  transformer 
losses  are  then  less  than  if  a  single 
transformer  were  used  for  an  installa- 
tion. In  addition  the  transformer  can 
be  switched  on  and  off  with  the  group 
of  lamps  fed  by  it,  and  so  always  used 
at  full  1  ad  and  under  efficient  condi- 
tions. 


Fig.  1. 

We  may  note  that  this  principle  is 
carried  still  further  in  the  arrangement 
recently  brought  out  by  the  A. E.G.  Co., 
according  to  which  each  lampholder 
has  a  small  transformer  built  into  it, 
making  a  very  compact  arrangement, 
as  shown  in  Fig.  1.  By  this  means 
no-load  or  light-load  losses  are  entirely 
avoided. 

(3)  A  third,  and  somewhat  novel 
method,  has  been  recently  described 
by  De  Kermond,  also  in  UElectricien. 


It  consists  in  using  a  series-parallel 
system    of   wiring,   as    shown  in 
Eig.  2.  Any  given  illumination  would 
be  carried  out  by  using  a  large  num- 
ber of  low  candle-power  lamps,  the 
voltage  of  which  might  be  one-sixth 
or  one-eighth  of  the  supply  voltage. 
The  great  advantage  of  the  system 
is  that  if  one  lamp  fails  none  of  the 
others  are  affected,  or  at  least  only  to 
the  extent  of  a  shght  increase  in  the 
apphed  voltage  ;  moreovet,  the  faulty 
lamp  can  at  once  be  localized. 


Fig.  2. 

To  take  a  practical  example,  in  an 
installation  of  240  14  c.-p.  lamps, 
working  on  a  110  volt  supply,  8  similar 
groups  of  30  lamps  each  would  be  wired 
in  series.  In  this  case  the  failure 
of  one  lamp  would  only  raise  the  voltage 
on  the  remainder  by  approximately 
3  per  cent,  which  would  be  inappreciable 
to  the  eye,  and  would  certainly  not 
endanger  the  lamps. 

This  method  of  grouping  might 
naturally  allow  of  considerable  economy 
in  the  special  case  of  illuminated  signs. 


The  Moore  Light. 


A  RECENTLY-ISSUED  number  of  the 
Transactions  of  the  American  Illu- 
minating Engineering  Society  contains 
a  paper  on  the  Moore  Light  by  its 
inventor,  in  which  he  reviews  the  pro- 
gress that  has  been  made  since  the  in- 
vention of  the  "  vacuum  tube  "  hght  of 
1894,  and  again  suggests  the  adoption 
of  the  Moore  CO.,  light  as  a  standard 
of  colour  values. 


The  illustrations  given  in  the  paper 
show,  in  an  interesting  manner,  the 
adaptability  of  the  Moore  Tube  to  the 
architectural  features  of  a  building. 
The  view  reproduced  on  the  opposite 
page  of  the  lighting  of  the  "  Moore 
Chapel  "  at  Madison  Square  Garden, 
which  was  installed  as  far  back 
as  1898,  is  a  good  example  of  what 
can  be  done  in  this  direction. 
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The  paper  also  describes  a  device 
called  a  "  lumichromoscope,"  which 
forms  a  simple  means  of  studying  the 
colour  value  of  various  lamps.  In  this 
apparatus,  lengths  of  coloured  ribbons, 
e.g.,  red,  green  and  blue,  are  stretched 
in  parallel  hnes  on  a  board,  and  im- 
mediately  above   them   the  various 


easy  to  determine  what  change  is 
caused  by  a  lamp  in  the  colour  which 
it  is  used  to  illuminate.  A  table  of 
results  is  given  for  a  number  of  lamps, 
including  arcs,  Nernst,  metal  and 
carbon  filament  incandescent  lamps, 
incandescent  gas  and  ordinary  fish-tail 
burners.    The  Moore  light  is  claimed  to 


Lighting  of  the  "Moore  Chapel,"  Madison  Square  Garden. 

lamps  which  it  is  desired  to  test  are  be  the  only  one  which  does  not  cause  any 

placed,  each  in  a  separate  compart-  perceptible  change  in  the  colour  of  the 

ment,  so  that  different  sections  of  the  ribbons  when  compared  with  daj^light 

ribbons  are  illuminated  simultaneously  illumination,  and  it  is  on  this  ground 

by  them.    The  effect  of  the  light  on  that  the  author  has  advocated  that  it 

the  colour  can  be  viewed  from  the  side  should  be  adopted  as  a  standard  for 

which  is  left  open.    In  this  way  it  is  colour  values. 
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A  Comparison  of  Different  Methods  of  Electrical  Indoor 

Illumination. 

By  Dr.  B.  Monasch. 

The  inverted  system  of  lighting  has  intensity  of  illumination  was  measured 

recently  come  to  the  front,  especially  throughout  in  a  horizontal  plane  one 

in  connection  with  the  use  of  tungsten  metre  above  the  floor  and  the  results 

lamps,  and  it  therefore  occurred  to  the  are  expressed  in  terms  of  Watts  per 

author  that  a  table  summarizing  a  lux  per  square  metre  illuminated.  It 

series    of    researches    recently    made  is  also  of  interest  to  note  that  in  the 

with   the   object   of   comparing   the  tests  the  system  of  comparison  on  the 

efficiency  of  direct  and  indirect  lighting  basis  of  illumination  provided,  instead  of 


Specific  Consumption  of  Various  Systems  of  Illumination  for  Interior  Lighting. 


Nature  of  Sj^stem. 

Sources  of  Light  Used. 

Specific  Consumption 
(Watts  per  lux  per  sq. 
metre). 

Indirect  Lighting 

Continuous  current  open  arc  lamps  "with 

ordioary  arrangement  of  carbons 
Continuous  current  open  arc  lamps  with 
ordinary  carbons  but  inverted  (— Upper  +  lower) 
Alternating  current  open  arc  lamps  using 
ordinary  carbons 
Tungsten  metallic  filament  lamps  (continuous 
and  alternating  current) 

0-188  to  0-303 
0-136  to  0-220 
0-339 

0-259  to  0-318 

Semi-Indirect  Illumi- 
nation 

Continuous  current  open  arc  lamps  with 
ordinary  arrangement  of  carbons 
Continuous  current  enclosed  ordinary  carbon 

"  Economy  "  arc  lamps  (5  amp.) 
Tungsten  metallic  filament  lamps  (continuous 
and  alternatiijg) 

0-15  to  0-35 
0-367 

0-225  to  0-260 

Direct  Illumination 

Open  continuous  current  arc  lamps 
Carbon  filament  incandescent  lamps 
Tungsten  metallic  filament  lamps  (clear  glass 

bulb) 

,,            „  (frosted) 
Moore  vacuum  tube  light,  alternating  current 
(measuring  plane  one  metre  above  the  ground) 

015  to  0-3 
0-5  to  1-2 

015  to  0-175 
0-22  to  0-25 

0-445 

by  incandescent  and  arc-lamps*  might  candle-power,  has  been  adopted,  and 

be  of  interest.    It  may  be  added  that  this  seems  to  be  the  most  rational 

in  this  comparison  the  method  of  test-  method    of    making    comparisons  of 

ing  advocated  by  the  Verband  Deutscher  direct  and  indirect  systems  of  light- 

Elektrotechniker   was    adopted.    The  ing,    the   Moore    Tube,    and  other 

   systems  in  which  we  are  concerned 

*  See  also  ElektrotechnMe  Zeitschrift,  31,  with  very  extensive    light  -  emitting 

p.  807, 1910.  surfaces. 
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NOTES  ON  THE  PROCEEDINGS  OF  SOCIETIES,  &c. 


(FOUNDED  IN  LONDON,  1909.) 

As  announced  in  our  last  number,  the  opening  Meeting  of  the  Illu- 
minating Engineering  Society  for  the  forthcoming  session  will  be  held 
at  the  House  of  the  Royal  Society  of  Arts  (John  Street,  Adelphi,  London, 
W.),  at  8  p.m.,  on  TUESDAY,  NOVEMBER  8th,  when  a  paper  will  be 
delivered  by  Mr.  F.  W.  GOODENOUGH,  M.Inst.G.E.,  entitled  "Recent 
Advances  in,  and  the  Present  Status  of  Gaslighting." 

The  President,  Prof.  S.  P.  THOMPSON,  D.Sc,  F.R.S.,  will  be  in  the 
chair. 

 «=4=-<=  


Queries  in  Connectic 

In  view  of  the  rapid  progress  made 
and  the  many  different  forms  of  lamps 
and  appliances  now  available  in  con- 
nexion with  gas  lighting  we  have  pre- 
pared the  following  hst  of  queries 
dealing  with  points  on  which  more 
definite  information  would  seem  to 
be  valuable. 

We  contemplate  submitting  this  series 
of  inquiries  to  authorities  on  gaslighting 
in  this  and  other  countries,  from  whom 
we  hope  to  receive  much  useful  in- 
formation : — 

1.  What  is  the  maximum  efficiency 
(candle-power  per  cubic  foot  of  gas 
consumed  per  hour)  attainable  in 
practice  at  the  present  time,  and  under 
what  conditions  as  regards  pressure,  &c.? 
What  do  you  consider  the  most  accurate 
method  of  expressing  this  quantity 
{i.e.,  in  terms  of  mean  spherical,  mean 
hemispherical  or  candle  power  in  some 
prescribed  direction)? 

2.  How  long,  on  the  average,  should 
mantles  intended  (1)  for  low  pressure 
indoor  hghting,  (2)  for  outdoor  high 
pressure  lighting,  be  allowed  to  be 
used  before  they  are  replaced  ?  How 


1  with  Gas  Lighting. 

much  should  their  light  be  allowed  to 
decrease  before  renewal,  and  how  is 
this  tested  ?  Results  of  tests  of  the 
fall  of  candle-power  during  life  of 
modern  low  and  high-pressure  mantles 
would  be  welcomed. 

3.  Under  what  conditions,  in  your 
experience,  has  automatic  control  of 
street  lamps  been  found  economical  and 
reliable  ? 

4.  How"  far  has  it  been  found  bene- 
ficial for  the  company  to  supervise  the 
conditions  of  lighting  enjoyed  by  the 
consumer,  undertake  the  adjustment 
and  cleaning  of  burners,  globes,  &c., 
and  the  replacement  of  mantles  ;  should 
companies  also  give  advice  as  to  the 
location  and  use  of  lamps  ?  In  your 
experience  is  it  the  practice  of  com- 
panies, in  buying  mantles,  to  require 
compliance  with  a  certain  specification 
and    what    terms    does    it  contain  ? 

5.  In  view  of  the  greater  intrinsic 
brilliancy  of  modern  high  candle - 
powder  lamps  is  it  desirable  that  some 
form  of  diffusing  globe  should  be 
employed  to  screen  high-pressure 
lamps  in  the  streets  and  interiors  ? 
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The  Fourth  Annual  Convention  of  the  Illuminating 
Engineering  Society  (U.S.A.). 


The  Fourth  Annual  Convention  of  the 
Illuminating  Engineering  Society  in 
the  United  States  is  to  take  place  at  the 
Johns  Hopkins  University  of  Balti- 
more, U.S.A.  on  October  24th  and 
25th.  An  interesting  series  of  papers 
will  be  presented  and  an  attractive 
social  programme,  including  an  auto- 
mobile ride  through  the  beautiful 
suburbs  of  the  city,  has  also  been 
arranged.  Readers  of  this  journal  will 
join  us  in  wishing  our  friends  in  the 
United  States  a  thoroughly  successful 
and  enjoyable  gathering. 

The  following  is  the  provisional  list 
of  papers  to  be  read  on  this  occasion  : — 

V.  R.  Lansingh,  Holophane  Company, 
New  York. — '  The  Value  of  Illuminating 
Engineering  to  the  Mamifacturer.' 

John  F.  Gilchrist,  Chicago,  111. — 
'  Practical  Value  of  Illuminating  Engin- 
eering to  the  Central  Station.' 

W.  J.  Serrill,  United  Gas  Improvement 
Company,  Philadelphia,  Pa. — '  The  Value 
of  Illuminating  Engineering  to  the  Com- 
mercial Man.' 

J.  S.  Codman,  Boston,  Mass. — '  Illu- 
minating Engineering  Sheets  for  the 
Calculation  and  Recording  of  Data.' 

C.  F.  Oehlmann,  Denver  Gas  and  Elec- 
tric Company,  Denver,  Col. — '  Central 
Station  Illuminating  Engineering  Depart- 
ment Work  and  Methods  Applied  by  the 
Denver  Gas  and  Electric  Co.' 

Norman  Macbeth,  Welsbach  Company, 
Gloucester,  N.  J. — '  The  Relations  be- 
tween Pressure  and  Light  Output  with 
Various  Gas  Lamps  and  Burners.' 

J.  G.  Felton  and  E.  J.  Brady,  United 
Gas  Improvement  Company,  Photo - 
metrical  Laboratory,  Philadelphia,  Pa. — 
'  The  Temperature  Rise  Due  to  the  Energy 
Radiated  in  the  Lower  Hemisphere  from 
Different  Light  Sources.' 

Dr.  Herbert  E.  Ives,  National  Electric 
Lamp  Association,  Cleveland,  Ohio. — 
'  Some  Spectral  Luminosity  Curves  Ob- 
tained by  Flicker  and  Equality  of  Bright- 
ness Photometers.' 

Preston  S.  Millar,  New  York  Testing 
Laboratories,  New  York.  —  '  An  Un- 
recognised As])ect  of  Street  Illumination.' 

Prof.  S.  O.  Mast,  Goucher  College,  Balti- 
more, Md. — '  The  Effect  of  Light  on  the 
Movement  of  Lower  Organisms.' 


Following  the  Convention  there  will 
be  a  series  of  36  lectures  delivered  at 
the  Johns  Hopkins  University  dealing 
with  different  aspects  of  illuminating 
engineering.  We  have  already  published 
an  account  of  this  unique  course  of 
lectures,  which  are  by  recognized 
authorities  in  their  respective  subjects, 
and  pointed  out  the  valuable  precedent 
set  by  concerted  action  of  this  kind. 
In  the  official  notice  now  before  us,  the 
object  of  the  course  is  fully  explained 
and  we  cannot  do  better  than  quote  the 
remarks  made  on  this  point : — 

"  The  Illuminating  Engineering 
Society  recognizing  the  fact  that  there 
is  an  increasing  demand  for  trained 
illuminating  engineers  and  that  the 
present  facilities  available  for  the 
specialized  instruction  required  are  in- 
adequate, determined  through  an  act  of 
the  Council  of  the  Society,  to  encourage 
the  establishment  of  a  course  of  lectures 
on  the  subject  of  illuminating  engineer- 
ing. This  course  should  have  three 
objects  :  (1)  to  indicate  the  proper 
co-ordination  of  those  arts  and  sciences 
which  constitute  illuminating  engineer- 
ing ;  (2)  to  furnish  a  condensed  outline 
of  study  suitable  for  elaboration  into 
an  undergraduate  course  for  intro- 
duction into  the  curricula  of  under- 
graduate technical  schools  ;  and  (3)  to 
give  practising  engineers  an  oppor- 
tunity to  obtain  a  conception  of  the 
science  of  illuminating  engineering  as 
a  whole. 

Inasmuch  as  such  a  course  is  most 
appropriately  given  at  a  University 
where  graduate  instruction  is  empha- 
sized, and  as  the  Johns  Hopkins 
University  has  regularly  offered  courses 
by  non-resident  lecturers  as  part  of  its 
system  of  instruction  and  is  now 
preparing  to  extend  its  graduate  work 
into  applied  science  and  engineering,  an 
arrangement  has  been  affected  by 
which  the  lectures  will  be  given  at  this 
University  under  the  joint  auspices  of 
the  University  and  the  Illuminating 
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Engineering  Society.  The  subjects  and 
scope  of  the  lectures  have  been  pro- 
posed by  the  Society  and  approved  by 
the  University.  The  lecturers  have 
been  invited  by  the  University  upon 

the  advice  of  the  Society  

The  University  will  provide  facihties 
for  demonstrations  at  lectures  and  will 
also  have  installed  a  working  exhibit 
of  apparatus  for  experimental  work 
in  hght,  illumination,  and  illuminating 
engineering.  This  apparatus  wiJl  be 
at  the  disposal  of  those  who  attend, 


and  an  opportunity  will  be  afforded 
to  undertake  laboratory  work  during 
the  term  of  the  lecture  course  under 
the  supervision  of  trained  experts  of  the 
University  and  of  the  Society. 

A  fee  of  $25,. 00  will  be  charged  for 
admission  to  the  course  and  to  the 
accompanying  laboratory  instruction. 
The  complete  course  of  thirty-six 
lectures  will  be  given  between  the  dates 
October  26  and  November  8,  1910, 
inclusive." 


The  Visit  of  the  German  Institution  of  Gas  Engineers. 


A  PLEASANT  incident  during  the  past 
month  has  been  the  visit  of  the  German 
Institution  of  Gas  Engineers,  a  very 
full  and  admirable  account  of  which 
is  given  in  The  Journal  of  Gas  Lighting 
for^October  11th.  We  feel  sure  that 
the  six  days'  visit,  spent  partly  in 
England  and  partly  in  Scotland,  must 
have  been  most  enjoyable  to  the 
visitors,  and  they  have  carried  away 
with  them  assurances  of  the  good  will 
and  desire  for  mutual  co-operation  on 
the  part  of  engineers  in  this  countrv. 

On  Monday,  October  3rd,  the  visitors, 
under  the  guidance  of  the  President  of 
the  Institution  of  Gas  Engineers  (Mr. 
Alex.  Wilson),  Mr.  J.  W.  Helps,  and 
other  members  of  the  reception  com- 
mittee, were  driven  in  motor-cars  to 
the  Beckton,  Kensal  Green,  and  Fulham 
Gasworks.  Here  they  were  enter- 
tained by  the  Gas  Light  and  Coke  Co., 
and  had  an  opportunity  of  examining 
the  vast  plant  and  processes  under  their 
control.  Luncheon  was  provided  at 
Beckton,  when  speeches  were  dehvered 
by  the  Governor  (Mr.  Corbet  Woodall) 
and  Herr  Prenger  (the  President  of  the 
German  Institution  of  Gas  Engineers). 
Subsequently  the  other  works  were 
visited,  and  the  party  returned  to 
the  Westminster  Hotel  punctually  at 
5.30  P.M. 

In  the  evening  the  visitors  were  enter- 
tained by  the  Institution  of  Gas  Engi- 
neers at  the  Hotel  Cecil.  The  healths 
of  the  King  and  the  Kaiser  were  drunk, 
and  the  success  of  both  German  and 
British  Gas  Institutions  was  toasted. 


Mr.  J.  W.  Helps,  in  proposing  the  former 
toast,  alluded  to  the  kindness  showed  to 
English  engineers  during  past  \asits 
to   the  great  works  at  Mariendorf, 
Tegel,  and  elsewhere,  and  emphasized 
the  benefit  derived  by  the  whole  gas 
industry  from  the  work  of  many  of  the 
great  German  chemists  and  gas  engi- 
neers.   Herr  Prenger  and  Herr  Kordt 
in  reply  expressed  their  appreciation 
of  the  welcome  accorded  to  them  in 
England,  the  mother-country  of  the 
gas   industry,    and   their  conviction 
that  both  nations  would  continue  to 
help  one  another  to  attack  the  many 
unsolved  problems  in  gas  manufacture 
and  lighting.    Progress  was  now  so 
rapid  that  it  was  almost  impossible 
for  one  man  to  keep  abreast  of  deve- 
lopments, and  interchange  of  knowledge 
and  experience  was  more  than  ever 
invaluable  and  essential.    The  Presi* 
dent,  Mr.  Corbet  Woodall,  and  Mr. 
Aspinall,  President  of  the  Institution 
of  Mechanical  Engineers,  again  struck 
the  same  note  when  he  alluded  to  the 
desirabihty   of   co-operation  between 
different   societies,    and   the  benefit 
derived    by   the    assistance    of  the 
Chemical  Society  and  the  Institutions 
of  Mechanical  and  Electrical  Engineers. 
"  For  surely  it  A\'as  the  healthy  com- 
petition in  the  supply  of  light  that  first 
started  those  great  efforts  to  improve 
the  gas  industry  which  had  resulted 
in  the  growth  of  the  demand  by  the 
pubhc  for  the  best  possible  illumina- 
tion." 

On  Tuesday  the  visitors  were  enter- 
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tained  by  the  South  Metropohtan  Gas 
Company,  and  welcomed  bylMr.  Charles 
Carpenter  at  the  East  Greenwich  and 
Croydon  Gasworks ;  Herr  Prenger 
and  Herr  Kordt  also  placed  a  weath 
upon  the  grave  of  Sir  George  Livesey 
in  the  name  of  the  German  Associa- 
tion. Opportunity  was  found  to 
study  the  most  recent  advances  in  gas 
lighting  in  a  number  of  the  chief 
London  thoroughfares.  Subsequently 
the  visitors  departed  for  Scotland,  and 
visited  the  gasworks  in  Edinburgh 
and  Glasgow,  where  they  were  received 
by  the  civic  authorities  and  Mr.  W.  R. 
Herring  and  ]\Ir.  Alex.  Wilson  re- 
spectively. 

It  only  remains  to  be  said  that 
every  one  was  impressed  by  the 
excellent  organization  of  the  excursions, 
and  that  no  pains  were  spared  to  render 
the  visits  enjoyable. 


In  passing  it  is  pleasant  to  note  that 
among  those  who  worked  hard  in 
assuring  the  success  of  the  visit,  there 
were  several,  like  Mr.  P.  W.  Good- 
enough,  Mr.  W.R.  Herring,  and  others, 
who  were  members  of  the  Illuminating 
Engineering  Society.  Special  mention 
should  be  made  of  the  services  of  Mr. 
R.  Lessing,  who  at  short  notice  had 
prepared  an  illustrated  guide  of  the 
gasworks  visited,  which  was  much 
appreciated,  and  whose  able  transla- 
tions of  the  speeches  was  a  feature  of 
the  proceedings.  Among  the  visitors 
it  was  also  a  pleasure  to  welcome  Herr 
P.  Gohrum,  of  Stuttgart,  who  will  be 
known  to  our  readers  as  a  corresponding 
member  of  the  Illuminating  Engineering 
Society,  Dr.  Karl  Bunte,  the  worthy 
son  of  a  distinguished  father,  and  many 
others  holding  important  positions  in 
the  German  Gas  Industry. 


A  Proposed  Opto-Technical  Institute. 

A  VERY  interesting  meeting  was  held  optical  work,  and  also  gave  parti- 
at  Anderton's  Hotel,  Pleet  Street,  culars  of  the  facihties  for  instruc- 
London,  on  October  17th,  in  order  to  tion  in  optics  in  various  Continental 
consider  the  offer  of  the  London  County  cities  ;  in  several  of  these  cases,  he  men- 
Council  to  erect  an  Optical  Institute  tioned,  the  initiation  to  the  movement 
in  Clerkenwel],  to  further  the  work  could  be  traced  to  the  precedent  set 
initiated  at  the  Northampton  Institute,  by  the  Northampton  Institute.  The 
The  meeting  was  attended  by  a  number  speaker  then  went  on  to  refer  to  the 
of  opticians  from  the  provinces  as  well  many  fields  of  optical  research  in  which 
as  prominent  London  representatives  of  more  scientific  methods '  and  further 
the  industry  and  the  general  feehng  information  were  needed  and  men- 
was  strongly  in  favour  of  giving  full  tioned  the  subject  of  illumination  as  one 
support  to  the  scheme.  which  deserved  to  receive  further  atten- 
The  matter  was  introduced  in  an  tion  at  the  hands  of  those  concerned 
able  speech  by  Mr.  James  Aitchison,  with  practical  applications  of  light, 
who  explained  the  steps  leading  to  the  In  conclusion,  it  was  pointed  out  that 
offer  of  the  Education  Offices  of  the  the  object  of  the  meeting  was  to  extend 
London  County  Council,  on  Sept.  27th,  its  support  to  the  broad  principle  that 
to  found  a  central  Opto -technical  an  Institute  on  the  lines  suggested  was 
Institute,  the  building  of  which  would  desirable.  Questions  of  detail  as  to 
cost  about  £30,000.  It  was  remark-  the  exact  nature  of  the  work  and 
able  that  whereas  other  trades  and  equipment  could  be  dealt  with  at  a  later 
branches    of    engineering    had    their  stage. 

technical  institutes,  the  very  extensive       Mr.    Conrad   Beck,    who  followed, 

industry    of    applied   optics   had   at  pointed  out  that  it  was  their  facilities 

present  no  adequate  central  institution  for  detailed  scientific  research  that  had 

of  this  kind.    Mr.  Aitchison  proceeded  enabled  Continental  optical  firms  to 

to  allude  to  the  valuable  and  appreciated  make  such  great  progress.     Yet  he 

work  already  done  at  the  Northampton  beheved  that,  granted   equal  oppor- 

Institute,  which  served  to  show  the  tunities,  workers  in  this  country  were 

demand  for  technical  instruction  in  every  bit  as   capable    of  originating 
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good  work.  He  thought  the  industry 
was  badly  in  want  of  a  central 
institute  such  as  that  proposed,  and 
gave  his  hearty  support  to  the  move- 
ment. 

Mr.  L.  Gaster  laid  stress  on  the  many 
problems  encountered  by  those  in- 
terested in  hghting,  on  which  more 
definite  data  were  badly  needed.  There 
were  many  problems  connected  with 
the  effect  of  light  on  the  eye  still 
awaiting  solution.  There  was  also 
very  much  to  be  learnt  in  connexion 
with  the  design  of  instruments  for 
measuring  light  and  illumination,  all 
of  which  provided  interesting  illustra- 
tions of  the  application  of  the  laws  of 
light.  He  hoped  that  these  matters 
would  receive  attention  and  appreciated 
the  valuable  work  that  might  be  done  in 
this  direction  at  such  an  Institute  as 
that  suggested. 

Dr.  W.  Ettles  likewise  laid  stress  on 
the  need  for  more  definite  knowledge 
regarding  the  effect  of  light  on  the  eye. 
In  his  experience  he  had  found  that  the 
equipment  of  laboratories,  as  regards 


optical  appliances,  was  rarely  suffi- 
ciently complete,  and  indeed  a  con- 
siderable portion  of  his  salary,  as  a 
lecturer  on  the  subject  of  physiological 
optics  had  been  spent  in  making  good 
deficient  apparatus  ! 

Other  speakers  followed,  all  of  whom 
expressed  their  conviction  of  the  need 
for  the  Institute.  Reference  was  made 
to  the  great  glass  works  at  Jena  as  an 
illustration  of  what  science,  judiciously 
applied,  could  do. 

Finally  the  following  resolution  was 
put  to  the  meeting  and  carried  unanim- 
ously : — 

Resolution  : — 

"  That  this  Meeting  of  Optical  Manu- 
facturers, Traders  and  others  interested 
in  the  progress  of  the  Optical  Industry, 
heartily  supports  the  suggested  estab- 
lishment of  an  Opto -technical  Institute 
in  Clerkenwel],  to  further  the  work 
which  has  been  hitherto  carried  on  at  the 
Northampton  Institute,  and  which  has 
proved  of  great  value  to  the  Optical 
Industry." 


Recent  Advances  in  Optics. 

(Notes  on  the  Thomas  Young  Oration  delivered  by  Prof.  R.  W.  Wood  before  the  Optical  Society,  Oct.  10, 1910.) 


Two  new  and  ingenious  optical  devices 
were  described  by  Prof.  R.  W.  Wood 
in  his  Thomas  Young  Oration  deUvered 
before  the  Optical  Society  (London) 
on  September  30th. 

The  "Echelette"  is  a  form  of 
diffraction  grating,  in  which  the  ruling 
is  about  ten  times  coarser  than  usual, 
and  is  produced  by  a  crystal  of  car- 
borundum. The  metal  is  not  removed 
by  the  crystal,  but  compressed  into 
ridges  and  hollows.  The  carborundum 
has  straight  sides  inchned  at  120°  ; 
by  altering  the  position  of  the  crystal 
when  ruling,  however,  it  is  possible  to 
make  the  sides  of  the  groove  equally  or 
unequally  inclined  as  may  be  desired. 

The  gratings  thus  produced  are  for 
heat  waves  what  diffraction  gratings 
are  for  light,  and  have  been  found  more 
efficient  than  rock  salt  prisms  in  in- 
vestigating   radiant   energy.  Prof. 


Wood  showed  a  number  of  radiation 
curves  obtained  by  this  means. 

The  other  novel  instrument  described 
by  Prof.  Wood  was  a  telescope  in  which 
the  rays  were  brought  to  a  focus  by  a 
mercury  surface  set  in  rotation  so  as  to 
assume  a  parabolic  form. 

The  mercury  was  contained  in  a  dish 
20  in.  in  diameter,  mounted  in  such  a 
way  as  to  reduce  friction  to  a  minimum. 
With  this  object  a  magnetic  drive  was 
originally  attempted,  but  abandoned 
in  favour  of  a  motor,  the  turning 
movement  of  which  was  transmitted 
through  half  a  dozen  fine  elastic  threads. 
In  this  way  vibrations  which  would 
disturb  the  reflecting  surface  were 
avoided. 

By  this  telescope  infra-red  rays  are 
reflected  in  a  really  remarkable  manner. 
A  number  of  photographs  taken  by 
infra-red  light  were  shown. 
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The  International  Elect] 

An  unofficial  conference  of  the  Commis- 
sion was  held  at  Brussels  in  August  last. 
Eleven  countries  were  represented,  and 
in  all  fifty-two  delegates  were  present. 
The  meetings  were  held  in  the  Council 
Chamber  of  the  Minister  of  Railways, 
under  whose  auspices  the  Belgian  Com- 
mittee was  formed.  The  deliberations, 
which  were  presided  over  by  Prof. 
Eric  Gerrard  of  Liege,  were  in  the 
nature  of  a  preparation  for  the  Plenary 
Meeting  to  be  held  next  year. 

Complete  success  attended  this  meet- 
ing. Although  the  Conference,  being 
unofficial,  was  debarred  from  formulat- 
ing precise  conclusions,  the  discussions 
which  took  place  resulted  in  very 
definite  desires  being  expressed  by  the 
Conference  for  submission  to  the  various 
committees  affiliated  with  the  move- 
ment. As  these  were  arrived  at  unani- 
mously there  should  be  no  difficulty  in 
their  being  adopted  officially  next  year. 

The  difficult  question  of  nomen- 
clature was  discussed,  and  the  very 
practical  proposition  of  the  German 
Committee  adopted  as  being  more 
likely  to  be  productive  of  early  inter- 
national agreement  than  the  plan 
hitherto  followed.  This  proposal  in- 
volved the  adoption  of  a  comparatively 


3-Technical  Commission. 

short  hst  of  terms,  requiring  definition, 
and  all  dealing  with  one  particular 
subject,  in  preference  to  the  alpha- 
betical method  of  procedure.  The 
French  Committee,  following  in  the 
steps  of  Ed.  Hospitaller,  having  deeply 
studied  the  question  of  international 
symbols,  advocated  the  adoption  of 
general  rules  dealing  with  principles 
rather  than  the  premature  discussion  of 
any  long  list  of  symbols.  Some  half- 
dozen  rules  of  this  description  were 
adopted  for  submission  to  the  various 
committees,  in  addition  to  eight  symbols 
proposed  by  the  American  Committee. 
The  Commission  has  also  decided  to 
take  in  hand  the  determination  of  a 
rule  for  the  direction  of  rotation  of 
vectors  employed  in  electrical  science. 

The  international  rating  of  electrical 
machinery  was  much  discussed,  and 
this  is  sure  to  bear  fruit  later  on.  The 
only  recommendations  to  the  com- 
mittees as  yet  formulated  were  in  regard 
to  defining  the  output.  It  is  noteworthy 
that  the  Conference  proposes  the  inter- 
national watt  as  the  unit  of  electrical 
and  mechanical  power,  thus  signalling 
the  final  departure  from  the  historic- 
ally interesting,  but  scientifically  un- 
desirable expression  "  horse -power." 


Uniformity  and  Contrast  in  the  Lighting  of  Rooms. 


Illuminating  engineering  is  evidently 
not  being  neglected  in  South  Africa, 
and  we  note  that  a  paper  on  the  subject 
was  recently  presented  at  a<  meeting 
of  the  Royal  Society  in  that  country  by 
Prof.  H.  Bohle,  one  of  the  correspond- 
ing members  of  the  Illuminating  Engin- 
eering Society.  An  abstract  of  this 
paper  occurs  in  a  recent  number  of 
Nature.  The  author  emphasized  the 
important  influence  of  uniformity  and 
contrast  in  the  lighting  of  a  room  on 
the  amount  of  light  required,  and  also 
discussed  the  physiological  effects  of 
radiation,  including  the  effects  of  ultra- 
violet rays. 

He  considered  that  when  great  uni- 
formity pr(5 vailed,  the  amount  of  light 
necessary   was  largely  reduced.  For 


example,  in  a  room  with  black  walls, 
an  illumination  of  35  to  40  lux  would 
be  required,  whereas  white  ceilings  and 
light  walls  might  reduce  this  value 
to  30  lux  ;  when  perfect  uniformity, 
such  as  might  be  obtained  with  in- 
direct lighting,  was  secured,  even  20  lux 
would,  in  the  opinion  of  the  author, 
give  complete  satisfaction.  In  dealing 
with]"  glare,"  Prof.  Bohle  pointed  out 
that  this  was  mainly  due  to  the  fact 
that  when  the  eye  looks  at  an  illu- 
minant  of  great  intrinsic  brilliancy  in 
front  of  a  dark  background,  it  tries 
to  do  two  things  at  once — to  open  wide 
for  the  dark  background,  and  to  close 
up  for  the  bright  light.  Naturally  a 
feeling  of  discomfort  is  the  result. 
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Proposed  Optical  Convention  in  London  in  1912. 


A  MEETING  of  the  Optical  Conven- 
tion Executive  Committee  was  held  on 
Tuesday,  October  25th,  in  the  rooms  of 
the  Chemical  Society,  to  consider  the 
desirabiUty  of  holding  a  second  Con- 
vention in  the  year  1912.    On  Septem- 
ber 16th  a  letter  was  addressed  to 
members  of  the  Permanent  Committee 
of  the  Convention  asking  for  their 
views  for  the  guidance  of  the  Executive 
Committee ;  and  later  a  similar  letter, 
a  copy  of  which  is  appended,  was  sent 
to  a  number  of  firms  who  took  part  in 
the  Convention  of  1905. 

In  view  of  the  large  number  of 
favourable  repHes  received,  both  from 
members  of  the  Permanent  Committee 
and  from  important  optical  firms,  it 
was  agreed  by  the  Executive  Com- 
mittee that  further  steps  ought  to  be 
taken,  and  on  the  motion  of  Dr.  Glaze- 


brook  it  was  resolved  that  a  meeting  of 
the  Permanent  Committee,  in  which 
all  members  of  the  trade  and  others 
interested  be  invited  to  attend,  be  held 
some  time  in  November  to  consider 
what  action  should  be  taken  with  a 
view  to  organizing  an  Optical  Conven- 
tion in  1912. 

The  time  and  place  for  this  meeting 
will  be  announced  as  early  as  possible. 
The  chair  will  be  taken  by  Dr.  R.  T. 
Glazebrook,  C.B.,  F.R.S.,  Director  of 
the  National  Physical  Laboratory,  as 
Chairman  of  the  Permanent  Committee  : 
and  a  statement  of  the  principal 
matters  to  be  brought  forward  for  con- 
sideration at  the  meeting  will  be 
pubHshed  in  due  course. 

R.  MuLLiNEUx  Walmsley, 

Chairman  of  the  Executive  Committee. 

October  2&h,  1910. 


Opening  of  the  New  Generating  Station  at  the  Northampton 

Polytechnic  Institute. 


The  opening  of  the  new  electric 
generating  station  at  the  Northampton 
Institute,  which  was  performed  by  the 
Chairman  of  the  London  County  Coun- 
cil on  Wednesday  evening,  October  12th, 
served  to  illustrate  the  progress  that  is 
now  being  made  in  the  equipment  of 
many  of  the  Technical  Colleges  and 
Institutes  in  this  country. 

As  mentioned  in  a  booklet  on  the 
subject  issued  by  the  Institute,  it  has 
been  felt  for  some  time  past  that  in  order 
to  equip  the  men  who  pass  through 
the  Institute  for  positions  in  practical 
electrical  engineering,  it  is  necessary  to 
keep  in  close  touch  with  the  com- 
mercial world  and  to  have  in  the  labora- 
tories examples  of  apparatus,  and 
facihties  for  using  it,  under  conditions 
such  as  obtain  in  practice. 

It  is  with  the  object  of  carrying  out 
this   idea   that   the   new  generating 


station  has  been  installed.  It  will 
supply  light  and  power  to  the  Poly- 
technic buildings,  and  should  present 
to  students — even  if  on  a  somewhat 
small  scale — some  of  the  problems 
which  occur  in  a  large  commercial 
station. 

The  main  features  of  the  plant  are 
two  gas-driven  sets,  each  consisting 
of  one  continuous-current  generator 
and  one  high-voltage  alternator  in 
tandem.  The  supply  of  gas  is  obtained 
from  two  suction  gas  producer  plants, 
or,  in  emergency,  from  the  town  gas 
mains.  The  switchgear  includes  high 
tension  and  low  tension  boards,  and 
has  been  designed  \^dth  a  view  to  obtain- 
ing the  maximum  number  of  inter- 
changes between  the  various  units 
of  the  plant. 

The  whole  installation  could  be  seen  in 
actual  operation  on  the  opening  evening. 
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Current  Topics. 

By  an  Engineering  Correspondent. 


Frequent  reference  has  been  made 
in  recent  numbers  of  this  journal  to 
the  value  of  good  illumination  in 
factories,  and  the  useful  work  already 
done  by  the  Factory  Department  of 
the  Home  Office  in  drawing  attention 
to  this  point. 

But  it  might  be  said  with  equal 
truth  that  in  very  many  offices,  technical 
schools,  (fee,  there  is  a  great  need  for 
the  education  of  those  responsible,  on 
the  subject  of  what  constitutes  good 
lighting.  Naturally  pubhc  feeling  can 
only  be  gradually  educated  on  these 
matters,  but  no  doubt  it  will  be  found 
advisable,  now  that  the  idea  is  already 
more  familiar,  to  organize  popular 
lectures  and  courses  of  instruction  on 
the  subject.  Many  gas  and  electric 
central  station  engineers  could  testify 
to  the  keenness  with  which  popular 
lectures  on  electric  or  gas  lighting 
appliances  are  followed  even  by  the 
non-technical  public.  It  may  be  sug- 
gested that  hitherto  there  has  been 
somewhat  too  much  stress  laid  on  lamps 
and  appliances  and  too  little  on  the 
use  of  them.  It  is  not  yet  sufficiently 
realized  how  valuable  to  a  company 
is  the  insistence  upon  illumination 
rather  than  lighting  and  the  attitude  of 
readiness  not  only  to  supply  illuminating 
apparatus,  but  to  give  useful  advice 
to  consumers  as  to  how  to  benefit  by  it. 

*  *  *  * 

Attention  should  be  drawn  in  these 
columns  to  a  new  gas  lamp  of  the  well- 
known  "  Graetzin  "  type,  recently  intro- 
duced, which,  though  using  gas  at  the 
ordinary  pressure,  is  stated  to  give 
an  average  intensity  of  1,050  candles. 
Until  recently,  attempts  at  such  a  high 
illuminating  effect  with  low-pressure 
gas  had  little  satisfactory  result, 
and    it   is    only   lately  that  it  has 


been  possible  to  produce  such  a  lamp 
commercially.  Each  lamp  utilizes  three 
burners  provided  with  inverted  mantles, 
and  the  Berlin  authorities  ordered  no 
fewer  than  500  of  the  lamps  imme- 
diately. The  candle-power  of  1050 
only  requires  630  litres  of  gas  per  hour, 
or,  approximately,  one  candle-power 
per  hour  is  obtained  with  0*6  litres  of 
gas — a  very  economical  result  when  the 
fact  is  taken  into  consideration  that 
neither  gas  nor  air  is  compressed  for  the 
purpose. 

*  *  *  * 

The  general  adoption  of  the  metallic 
filament  electric  lamps  has  had  a 
marked  influence  on  the  finances  of 
the  Leeds  Corporation  electricity  under- 
taking, which  has,  during  the  past 
year  suffered  a  decrease  in  revenue, 
in  spite  of  an  increase  in  the 
number  of  consumers  for  lighting 
purposes.  The  latter  is  greater  than 
for  several  years  past,  but  the  number 
of  lamps  installed,  reckoned  in  the 
equivalent  of  35 -watt  lamps  (a  measure 
of  their  consumptive  capacity)  shows 
a  decrease  of  0'6  per  cent,  owing  to  the 
replacement  of  carbon  lamps  by  metallic 
filament  lamps.  The  same  cause  is 
directly  accountable  for  the  reduction 
of  nearly  12  per  cent  in  the  revenue 
from  sales  of  current  to  private  con- 
sumers for  lighting  purposes,  instead 
of  the  considerable  increase  which 
should,  in  the  ordinary  course,  have 
resulted  from  the  more  extended  use  of 
electric  fight.  In  the  field  of  pubhc 
street  fighting,  there  is  evidence  from 
Leeds  of  the  extended  use  of  metallic 
filament  lamps,  which  because  of  its 
greater  economy  has  resulted  in  a 
diminished  consumption  of  energy  by 
5*2  per  cent,  and  a  decreased  revenue  of 
5*76  per  lamp  installed. 


THE  ILLUMINATING  ENGINEER. 


679 


Short  Notes  on  Illuminating  Engineering. 

From  all  Sources. 


Dimming  Lights  in  Churches. 

An  interesting  development  in  church - 
lighting  is  mentioned  in  a  recent  number 
of  Tliz  Electrical  Field.  In  St.  George's 
Military  Church  at  Aldershot  dimming 
resistances  are  utilized  so  that  the 
lights  as  a  whole  can  be  gradually 
weakened  as  in  a  theatre,  thus  pro- 
ducing the  requisite  subdued  illumina- 
tion during  the  sermon,  &c. 

As  a  rule  the  method  employed  in 
churches  is  to  switch  off  certain  groups 
of  lights  during  the  sermon.  This  of 
course  leads  to  an  economy  in  current 
consumption,  but  the  abrupt  change  in 
the  light  so  caused  is  very  noticeable 
and  the  distribution  of  light  is  also 
altered.  By  sacrificing  a  certain  amount 
of  power  in  a  dimming  resistance,  it  is 
suggested,  a  more  artistic  and  gradual 
diminution  in  luminosity  can  be  secured. 

Impartial  Evidence  Wanted. 

It  would  have  been  interesting  had 
Professor  Armstrong  enlarged  the  scope 
of  his  paper,  and  given  us  some  indica- 
tion of  the  relative  values  of  gas  and 
electricity.  Without  any  disrespect  to 
the  supply  companies  for  those  two 
products,  it  would  be  useful  to  have  a 
more  impartial  account  of  the  cost  and 
uses  of  the  two  products  than  the  deadly 
rivals  can  furnish  us  with.  At  present, 
they  are  far  more  occupied  in  pointing 
out  the  weak  points  in  each  other's 
armour  than  in  strengthening  their  own. 
The  wordy  warfare  is  amusing,  but 
somewhat  inconclusive.  —  The  Globe, 
Sept.  7th,  1910. 


Flame  Arc  Lamps  for  Illuminated 
Signs. 

The  practice  of  hanging  a  pair  of  naked 
flame  arcs  in  front  of  a  shop-window 
is  all  too  common,  and  the  device  shown 
in  the  accompanying  illustration,  and 
recently  described  in  Tlie  Electrical 
World,  might  be  studied  with  advantage 
by  many  London  shopkeepers.  It  has 
the  advantages  of  reducing  the  glare 
so  distressing  to  passers-by,  of  ensuring 
a  good  illumination  of  the  shop  front, 
and  of  providing  an  attractively  lighted 


/  / 
/  / 

/   / 


sign,  without  any  increase  on  the  present 
cost  of  energy.  The  device  consists  of 
a  box-shaped  transparent  sign,  illu- 
minated from  ^nthin  by  two  arc 
lamps,  the  end  opening  towards  the 
shop  front  being  left  open  to  allow  the 
light  of  the  lamps  to  fall  upon  the  goods, 
without  striking  the  eyes  of  the  would-be 
purchaser.  The  sign  should  be  mounted 
on  a  suitable  bracket  several  feet  away 
from  the  shop  front  in  order  to  distri- 
bute the  illumination  effectively,  and 
it  is  suggested  that  diffusing  globes 
on  the  arc  lamps  would  tend  to  improve 
the  appearance  of  the  sign  by  pre- 
venting concentration  of  the  hglit  on 
certain  letters. 
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Illumination  and  the  Efficiency  of 
the  Workman. 

By  far  the  largest  part  of  the  cost  of  any 
finished  article  is  labour  cost.  To  in- 
crease the  efficiency  of  the  labourer,  or 
the  human  machine,  is  therefore  first 
in  importance  in  considering  methods 
of  reducing  manufacturing  costs.  Two 
things  contribute  to  this  efficiency  : 
machinery  and  facilities,  and  the  skill 
and  will  of  the  operator.  It  is  useless 
to  expect  a  labourer  to  turn  out  his  best 
work  with  poor  tools.  It  is  the  part  of 
economy  to  supply  the  best  tools 
with  the  best  facilities  for  using  them, 
and  among  such  facilities  light  stands 
first. 

But  the  human  machine  must  have 
the  will  to  work,  as  well  as  the  oppor- 
tunity and  facilities.  This  is  partly 
conscious  and  partly  sub-conscious. 
The  conscious  will  is  largely  the  result 
of  the  rate  of  wages  ;  the  sub-conscious 
will,  which  especially  affects  the  quality, 
depends  upon  interest  in  the  work, 
contentment  with  conditions  and  physi- 
cal health,  especially  of  the  nervous 
system.  The  two  latter  conditions  are 
dependent  to  a  large  degree  upon  light 
and  ventilation.  So  that  both  from 
the  material  and  the  psychological 
view-points  illumination  stands  fore- 
most among  the  factors  determining  the 
efficiency  of  the  human  machine,  and 
consequently  the  total  cost  of  produc- 
tion.— Electrical  Review,  N.Y.,  Oct. 
1st,  1910. 

Animated  Electric  Signs. 

Advertising  by  means  of  animated 
electric  signs  seems  to  have  been 
brought  to  a  fine  art  in  America.  The 
Electrical  World  describes  a  sign  which 
has  been  used  to  display  the  merits 
of  the  Uneeda  "  biscuit,  and  in  which 
the  cycle  of  changes  is  quite  a  long  and 
complex  one.  First  of  all,  a  man's 
face  appears  with  a  very  surly  expres- 
sion, eyes  cast  down,  and  mouth  droop- 
ing. He  is  greeted  with  the  words 
"  Uneeda  biscuit,"  at  which  he  merely 
raises  his  eyes,  still  maintaining  the 
expreHsion  of  bad  humoux.    The  Hgurc's 


hand  then  appears,  holding  a  biscuit. 
The  jaws  close  upon  the  biscuit,  and 
the  hand  recedes  carrving  the  remainder 
of  it. 

As  the  bite  is  masticated,  a  change 
comes  over  the  face  ;  the  surly  expres- 
sion vanishes,  and  gives  way  to  one  of 
satisfaction. 

The  greater  part  of  the  movements 
outlined  above  are  carried  out  by 
actually  moving  the  lamps,  and  not  by 
a  flashing  device,  which  would,  on 
account  of  the  time  taken  by  an 
ordinary  lamp  to  reach  maximum 
brilliancy,  be  much  too  slow  to  give 
realistic  effects.  The  scheme  adopted 
when  a  line  of  lamps  has  to  change 
its  shape,  is  to  mount  the  lamps  on  a 
spiral  spring,  which  gives  the  required 
flexibihty,  and  can  be  pulled  by  means 
of  levers  in  any  desired  direction, 
the  levers  themselves  being  controlled 
by  cams  in  order  to  secure  accurate 
timing  of  the  motions. 

The  actual  movement  of  the  lamps 
is,  of  course,  combined  with  the  usual 
commutator  arrangement  for  cutting  in 
and  out  certain  lamps — as,  for  example, 
when  the  biscuit  is  shortened  by 
biting  ! 

Responsibility  of  the  Architect  in 
Lighting  Matters. 

It  is  a  continual  complaint  with  regard 
to  interior  lighting  that  even  large 
and  important  installations  are  designed 
by  an  architect  and  builder  who  know 
nothing  about  gas,  and  no  more  about 
fighting  than  is  comprised  in  certain 
rule -of -thumb  formulae  as  to  the  sizes 
of  windows,  and  the  supply  of  material 
and  fitting  up  of  the  same  are  let  at  the 
cheapest  rate  to  some  equally  ignorant 
paper-hanger,  painter,  or  plumber.  If 
the  result  is  not  satisfactory — and 
under  this  system  it  is  a  mere  toss-up 
as  to  how  the  job  turns  out — the  arclii- 
tect  has  been  forgotten,  the  painter  has 
gone  to  another  job,  but  the  gas  com- 
pany are  on  the  ground  and  they 
have  to  stand  the  racket. — American 
Gas  Light  Journal,  October  10th,  1910. 


SHORT  NOTES  ON  ILLUMINATING  ENGINEERING.  681 


Artificial  Daybreak. 

The  following  is  an  account  of  the  pro- 
cedure followed  at  the  recent  opening 
of  the  New  York  Electrical  Show  in 
Madison  Square  Garden,  which  is 
described  in  a  recent  number  of  The 
Electrical  Review  as  '  Artificial  Day- 
break '  : — 

"  After  the  garden  has  been  filled  the 
outer  doors  will  be  temporarily  closed, 
and  at  a  given  signal  all  the  electric 
lights  will  be  extinguished  simul- 
taneously. After  a  few  seconds  of 
deepest  darkness,  it  has  been  arranged 
to  have  one  yellow  light  twinkle  out 
from  the  eastern  '  sky,'  followed  by 
another  and  another,  until  the  east 
end  of  the  garden  takes  on  the  appear- 
ance of  dawn.  Gradually  the  lights 
will  show  until  the  whole  hall  is  again 
illuminated." 

Side  or  Central  Standards  for 
Street  Lighting? 

The  new  gas  lighting  of  Victoria  Street 
. .  .  .establishes  beyond  reasonable  ques- 
tion that,  even  for  the  widest  thorough- 
fares, side  lighting  is  far  superior  to  the 
axial  position  for  the  standards.  It 
appears  that  the  Corporation  of  the 
City  of  London  are  still  halting  between 
two  opinions  in  this  respect,  with  a 
tendency  towards  the  axial  arrange- 
ment, carried  out  by  means  of  sus- 
pended lamps,  for  some  of  their  narrower 
thoroughfares.  If  so,  the  example  of 
Victoria  Street  should  give  them  pause. 
Side -lighting  facilitates  vehicular  traffic, 
especially  as  regards  taking  up  and 
setting  down,  or  loading  up  and 
unloading  goods.  With  axial  lights, 
however  cunningly  suspended  in  mid-air 
this  work  must  be  done  in  shadow.  A 
tilt  van  backing  up  to  the  curb  be- 
comes a  vault  ;  and  the  labels,  even 
the  colour  of  omnibuses,  are  indis- 
tinguishable. Moreover,  not  enough 
light  reaches  the  frontages  for  police 
purposes. — Gas  World,  Oct.  15th,  1910. 

Light  as  a  Burglar  Expeller. 

Some  time  ago  one  of  the  engineers  of 
Chicago's  largest  electric  fighting  com- 


pany devised  a  system  of  emergency 
lighting  for  residences,  by  which  the 
turning  of  a  master  switch  at  the  head 
of  the  bed  turns  on  the  lights  all  over 
the  house.  These  fights  may  be 
ordinarily  operated  by  their  respective 
switches  in  the  usual  way,  but  in  case 
the  master  switch  is  turned  on,  they 
cannot  be  turned  off  by  means  of  the 
individual  switches.  This  means,  of 
course,  that  once  the  master  switch  has 
been  thrown,  any  intruder  in  the  house 
must  beat  a  retrea^t.-PopularMechanics. 

Gas  Lamps  to  be  Maintained  by 
the  Company. 

As  precept  is  vain  without  practice, 
so  also  is  canvassing  without  main- 
tenance. At  the  present  time  gas 
undertakings  are  prepared  to  carry  out 
the  work  of  maintaining  incandescent 
lights  at  such  a  nominal  cost  that  it 
is  to  the  advantage  of  every  consumer 
to  place  his  burners  in  their  hands,  as 
this  procedure  will  result  in  his  obtaining 
a  far  better  light  in  the  majority  of 
instances  than  he  could  secure  other- 
wise. Many  consumers  maintain  their 
own  burners,  and  do  so  excellently, 
and  it  would  be  well  if  all  consumers 
could  do  so  ;  but  this  is  a  counsel  of 
perfection,  and  one  which  want  of  time 
and  numerous  other  reasons  render  it 
impossible  for  most  people  to  follow. — 
J.  H.  Canning,  Gas  World,  October  1st, 
1910. 

What  Illuminating  Engineering  has 
done- 

The  semi-dungeons  in  which  thousands 
of  people  used  to  labour,  with  aching 
eyes  and  strained  nerves,  are  happily 
a  thing  of  the  past  ;  and  this  is  due 
almost  entirely  to  the  propaganda  of 
illuminating  engineering,  chiefly  for  com- 
mercial reasons.  . .  .To  be  sure,  this  has 
not  always  been  the  work  of  professed 
illuminating  engineers,  but  it  has  been 
the  work  of  those  who  have  at  least  been 
educated  by  the  illuminating  engineer- 
ing profession  to  a  recognition  of  the 
abuses  of  light. — Illuminating  Engineer, 
New  York,  September,  1910. 
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The  Illumination  of  a  Barber's  Shop. 


The  accompanying  illustration  shows 
the  barber's  shop  in  the  Blackstone 
Hotel,  Chicago.  One  is  struck  by  the 
elegance  of  the  fittings  and  the  general 
magnificence  of  the  interior,  and  the 
inverted  fixtures  used  are  also  of 
interest,  as  another  example  of  a  method 
of  lighting  which  seems  to  be  becoming 
very  generally  used  in  the  United 
States, 


client's  head  so  as  to  throw  a  strong 
light  upon  his  face  while  he  is  being 
shaved.  But  at  the  same  time  the 
light  inevitably  streams  into  his  up- 
turned eyes.  In  an  inverted  system 
this  possibility  of  glare  is  avoided.  • 

It  will  be  noted  that  the  light  texture 
of  the  surroundings  is  well  adapted  to 
the  diffusion  of  the  light  from  this  type 
of  unit.    The  illumination  of  barber's 


One  feature  of  the  installation  here 
shown  may  be  commented  upon.  One 
would  suppose  that  the  softness  of  the 
inverted  system  of  lighting  adopted 
would  be  particularly  satisfactory  to 
customers.  One  not  infrequently  finds 
that  the  barber,  in  considering  his  own 
requirements,  pays  little  heed  to  the 
eyes  of  his  customer  ;  for  example,  he 
instals  lamps  immediately  above  the 


premises  is  a  matter  of  some  conse- 
quence on  hygienic  grounds.  The 
importance  of  cleanliness  in  this  depart- 
ment was  recently  emphasised  by  Sir 
John  Cockburn  in  his  inaugural  address 
at  the  recent  congress  of  the  Royal 
Sanitary  Institute,  and  it  is  hardly 
possible  that  conditions  of  cleanliness 
could  be  maintained  without  the 
illumination  being  satisfactory. 


THE  ILLUMINATING  ENGINEER. 


683 


The   Progress   of  Modern  Illumination. 

An  Interview  with  Prof.  Dr.  W.  Wedding.* 


The  question  of  the  scope  and  possible 
development  of  the  large  number  of 
illuminants  now  available  is  a  very 
complicated  one.  The  lines  of  demarc- 
ation between  the  provinces  of  the 
different  systems  of  Hghting  are  con- 
stantly overlapping  ;  many  sources 
of  light  are  now  used  in  a  way  which 
would  have  been  considered  impossible 
a  few  years  ago.  It  therefore  occurred 
to  us  that  an  account  of  an  interview 
with  Prof.  Wedding,  which  was  pub- 
lished in  a  recent  number  of  the 
Oesterr.  Ungar.  Installateur,  would  be 
of  interest.  Prof.  Wedding  is  a  recog- 
nized authority  on  gas  and  electric 
lighting.  Lamps  of  all  kinds  are  con- 
stantly being  tested  at  his  laboratories, 
iand  he  is  also  known  to  our  readers 
as  one  of  the  Vice-Presidents  of  the 
Illuminating  Engineering  Society.  His 
comments  on  the  situation  at  the  present 
moment  are  therefore  worthy  of  special 
consideration. 

Future  Developments. 

The  first  question  which  Prof. 
Wedding  was  asked  was  as  follows  : — 

In  what  direction  do  you  anticipate 
the  greatest  development  in  the  course 
of  the  next  ten  or  fifteen  years,  gas  or 
electric  lighting  ?  also  in  which  of  the 
two  types  of  sources,  small  lamps  for 
interior  work  and  very  powerful  lights 
for  outdoor  lighting,  is  progress  most 
likely  to  occur  ? 

Prof.  Wedding  replied  that  he  was 
inclined  to  think  that  the  most  striking 
modifications  would  be  made  in  con- 
nexion with  electric  lighting,  because 
in  the  case  of  gas  lighting  one  was 
apparently  at  present  confined  to  the 
use  of  the  bunsen  gas  flame,  the 
temperature  of  which  is  pretty  accu- 
rately known.  The  chief  direction  of 
researches  would  naturally  be  to  de- 
velop sources  which  produce  light  only, 
and  not  a  large  amount  of  inefficient 
and  often  inconvenient  heat  energy. 

*  Oesterr.  Ungar.  Installateur,  September  17, 1910. 


On  the  other  hand  Prof.  Wedding 
thought  that  the  future  tendency 
would  be  to  aim  at  distributing  light, 
in  small  sources,  rather  than  to  aim 
at  very  powerful  units.  We  have 
always  been  aiming  at  the  production  of 
more  and  more  powerful  sources  of 
light,  with  the  result  that  to-day  we 
in  many  cases  suffer  from  superfluity 
of  light.  W^e  ought  now  rather  to 
make  efforts  to  produce  a  better  quality 
of  light  and  more  uniform  distribution, 
so  as  to  resemble  natural  daylight 
conditions  more  closely. 

Street-Lighting  . 

Prof.  Wedding  was  next  asked  to 
give  his  opinion  regarding  the  future 
of  street  lighting. 

He  replied,  "as  far  as  street  lighting 
is  concerned  high  pressure  gas  seems 
to  me  to  possess  very  considerable 
advantages  over  other  systems  of 
lighting  ;  by  this  means  we  can  readily 
produce  sources  giving  a  light  of  several 
thousand  candle-power.  The  arc -lamp 
already  holds  its  position  with  diffi- 
culty against  high-pressure  gas  and 
incandescent  lamps  even  more  so. 
Unfortunately,  however,  we  have  not 
yet  achieved  any  absolutely  safe 
and  satisfactory  method  of  automatic 
ignition.  The  cost  of  maintenance 
of  gas  now  tends  to  play  a  more 
important  part  in  the  total  expense 
than  hitherto,  and  the  advantage 
enjoyed  by  electric  hghting — that  one 
can  extinguish  and  light  up  lamps  with 
ease  at  a  distance  from  the  central 
station — is  a  very  considerable  one. 

Recently  attempts  have  been  made 
in  the  United  States  to  construct  arc- 
lamps  with  almost  indestructible  elec- 
trodes which  consume  away  very  slowly. 
But  most  of  these  attempts  have  led 
to  little  practical  result,  for  the  hght 
has  been  almost  invariably  unsteady 
and  of  pecuhar  quahty  in  these  cases. 
What  is  desired  at  the  present  day  is, 
above  all,  constancy  and  steadiness." 
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Interior  Lighting. 

What  system  of  lighting  will,  in 
your  opinion,  ultimately  prove  most 
satisfactory  for  interior  lighting  ? 

"  Electric  lighting,  where  expense 
is  not  of  much  consequence  ;  but  in 
the  case  of  the  poor  man  electric 
lighting  is  still  too  dear.  It  is  true  that 
the  cost  of  electric  energy  is  likely 
to  become  still  cheaper,  and  that 
the  metallic  filament  lamps  will  pro- 
bably soon  be  improved  very  con- 
siderably as  regards  tendency  to  break- 
age. But  their  cost  is  still  high  for 
the  great  mass  of  consumers." 

Prof.  Wedding  then  proceeded  to 
explain  the  difficulty  experienced  by 
electric  lighting  stations,  owing  to  the 
fact  that  their  plant  can  only  be 
operated  at  full  load  for  a  few  hours 
each  evening,  when  artificial  light  is 
required.  However,  better  results  were 
obtained  in  manufacturing  districts 
where  a  day  load  of  motors,  &c.,  could 
be  secured.  Prof.  Wedding  went  on 
to  suggest  that  a  more  uniform  load 
might  eventually  be  secured  by  in- 
cluding in  the  range  of  a  single  central 
station  a  very  large  district  ;  he  con- 
templated the  possibility  that  in  future 
the  whole  country  might  be  supplied 
from  a  single  central  station,  the 
energy  being  carried  by  overhead 
wires  at  100,000  volts,  and  transformed 
doAvn  where  required.  Stations  of  this 
kind  could  be  erected  near  great  turf- 
moors  where  unlimited  fuel  was  avail- 
able, or  in  the  neighbourhood  of 
water  power,  &c. 

Limits  of  Present  Efficiency. 

Prof.  Wedding  was  next  asked  : 
"  What,  in  your  opinion,  is  the  limit 
of  efficiency  obtainable  in  the  case  of 
incandescent  gas  lamps,  electric  lamps, 
and  arc -lamps  ?  " 

He  replied  that  the  smallest  specific 
consumption  usually  attained  in  the 
case  of  gas  lighting  had  hitherto  been 
in  the  neighbourhood  of  one  candle 
per  litre  of  gas  per  hour  (28"3  c.-p.  per 
cub.  ft.).  Yet  in  special  cases  a 
specific  consumption  of  O'B  litres  per 
candle-hour  (47  c.-p.  per  cubic  foot)  has 
Ijceii  obtained,  and  the  most  recent 
results  for  inverted  high-pressure  gas 


had  even  given  results  as  low  as  0*4 
(71  c.-p.  per  cubic  foot  of  gas). 

As  regards  metallic  filament  lamps, 
the  limit  of  efficiency  was  still  in  the 
neighbourhood  of  1  watt  per  candle, 
though  researches  were  in  progress 
with  the  object  of  producing  a  half 
watt  per  candle  lamp.  Practically  all 
the  metalhc  filament  lamps  now  on 
the  market  utilized  tantalum  or  wolfram 
as  their  main  constituent.  However, 
it  was  quite  conceivable  that  other 
materials  would  soon  be  made  use  of, 
and  in  any  case  he  thought  the  develop- 
ment of  tungsten  lamps  was  only  in 
its  infancy.  It  was  safe  to  say  that  the 
fragility  of  these  lamps  would  soon  be 
overcome  by  some  method,  possibly 
by  the  use  of  special  alloys  of  tungsten. 
An  important  announcement  had  now 
been  made  that  pure  metal  tungsten 
could  be  draA\Ti  into  wires,  and  it  was 
claimed  that  a  great  improvement  in 
durability  could  be  secured  in  this 
way. 

As  regards  arc -lamps  Prof.  Wedding 
thought  the  most  important  cheapening 
would  lie  in  the  production  of  lamps 
with  simple  mechanism  and  absence 
of  clock  work.  By  this  means  arc 
lamps  costing  only  20  to  .30  marks  had 
already  been  manufactured.  Efforts 
were  also  constantly  being  made  to 
turn  out  lamps  in  which  the  electrodes 
were  automatically  replaced  as  they 
burnt  away,  and  this  without  any  very 
complicated  mechanism — for  example, 
the  Timar-Draeger  and  the  Beck  lamps. 

As  regards  mercury  vapour  lamps, 
Prof.  Wedding  alluded  to  the  intro- 
duction of  the  Quartz  tube,  for  which 
a  specific  consumption  as  low  as  0'2  to 
0"25.  watts  per  candle  was  claimed. 
Similar  results  could  be  secured  with 
arc -lamps  and  in  the  Bremer  lamp  a 
value  as  low  as  0"1  watts  per  candle 
was  said  to  have  been  obtained. 

The  introduction  of  very  powerful 
lamps  on  high  masts  has  one  dis- 
advantage :  it  makes  it  desirable  that 
such  lamps  should  be  lowered  for 
cleaning.  In  the  case  of  high  pressure 
gas  lamps  this  is  particularly  incon- 
venient, and  special  arrangements  have 
to  be  provided  in  order  to  avoid  the 
interruption  of  the  gas  supply. 
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Spread  of 


High-Pressure  Gas 
Lighting. 


Commenting  on  the  future  of  high- 
pressure  gas,  Prof*  Wedding  alluded 
to  the  enormous  development  of  this 
system  in  Berlin  where  about  1693 
lamps  of  the  Gratzin  pattern  alone, 
yielding  a  total  of  nearly  four  million 
candle-power,  were  in  use.  In  the 
provinces  quite  a  quarter  of  the  towns 
had  been  lighted  by  the  Pharoslicht  of 
the  Auer  Company,  and  the  Millenium- 
licht  had  also  found  extensive  applica- 
tion. At  the  moment  the  cheap  price, 
steadiness,  and  high  intensity  cha- 
racteristic of  high-pressure  gas  gave 
it  a  great  advantage  in  competition 
with  arc -lamp  lighting.  Nevertheless, 
Prof.  Wedding  was  disposed  to  suggest 
that  in  the  future  the  tendency  would 
be  for  all  lighting  to  be  ultimately 
carried  out  by  means  of  electricity. 


efficiency  of  light  production  and  the 
desirability  of  producing  a  so-called 
"  cold  hght."  In  the  Tesla  light  there 
had  long  been  available  the  basis  of 
a  source  of  this  kind,  and  recently  the 
practical  development  of  vacuum  tube- 
lighting  on  the  Moore  system  attracted 
great  attention  in  the  United  States 
and  was  now  beginning  to  receive  notice 
in  Germany.  Prof.  Wedding  emphasized 
one  important  feature  of  this  system, 
namely,  that  it  possessed  a  natural  low 
intrinsic  brilliancy,  whereas  in  the  case 
of  other  illuminants  it  was  almost 
always  necessary  to  tone  down  their 
brilliancy  by  the  use  of  suitable  shades 
and  screens,  &c. 


Comparative  Cheapness  of  Different 
Illuminants. 

The  question  was  then  put  to  Prof. 
Wedding  :      What,  in  your  opinion, 

Cost  of  100  Candlepower-Hours.* 


Assuming  cost  of  Electrical  Energy,  72  Heller 
„     Gas,  per  cub.-metre,  24  „ 
,.    Petroleum,  per  litre,  24  „ 


Stearine  Candle  ... 
Carbon  Filament  Glow  Lamp 
Open  Gas  Flame  Burner  ... 
Ordinary  Petroleum  Lamp 
Tantalum  Lamp  ... 
Ordinary  Arclamp,  with  Globe  .. 
Just  (Metallic  Filament)  Lamp  .. 
Alcohol  Incandescent  Light 
Upright  Incandescent  Gas  Mantle 
Inverted        „  „  » 

Flame  Arc  Lamp ... 
Petroleum  Incandescent  Light 
Inverted  High  Pressure  Incandescent  Mantle 


Heller. 

s. 

d. 

165 

1 

H 

25 

2-5 

24 

2-4 

11-3 

11 

11- 

11 

10 

ro 

7-9 

0-79 

5-8 

0-58 

4 

0-4 

2-2 

0-22 

2-2 

0-22 

11 

0-1 1 

11 

Oil 

*  The  prices  assumed  for  gas  and  electrical  energy  are  higher  than  those  prevailing  in  Berlin, 
where  electricity  is  48  Heller  per  K.W.,  and  gas  16  Heller  per  cubic-meter. 


whereas  gas  would  come  to  be  used 
more  and  more  for  heating  and  cooking 
purposes.  On  the  other  hand,  he  did 
not  believe,  whatever  the  future  de- 
velopments of  illumination  might  be, 
that  the  gas  industry,  as  a  whole, 
would  suffer.  In  any  case,  the  process 
of  conversion  could  only  be  very 
gradual,  and  the  more  extended  use 
of  gas  for  heating  and  cooking  and  other 
purposes  would  fully  compensate  for 
any  reduction  in  the  amount  used  for 
lighting  purposes. 

In  answer  to  further  inquiries  Prof. 
Wedding  made  some  remarks  on  the 


is  the  cheapest  form  of  light  for  small 
uses  ?  " 

He  replied  that  the  cheapest  small 
unit  was  still  the  petroleum  lamp, 
which  only  cost  about  "  one  heller  " 
(0-  Id.)  per  hour.  The  intensity  of  such 
lamps — 10,  12,  or  15  candle-power — 
was  quite  sufficient  for  the  wants  of 
small  users.  The  portabihty  of  the 
lamp  also  constituted  both  a  con- 
venience and  an  added  source  of 
economy,  since  the  source  could  be 
placed  just  where  it  was  required. 
However,  he  said  that  such  lamps 
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could  not  be  considered  as  safe  as 
electric  lighting. 

A  considerable  step  forward  had 
been  made  by  the  introduction  of  the 
inverted  gas  burner,  which  was  now 
made  to  consume  from  30  to  90  litres  of 
gas  per  hour,  and  to  yield  35  and 
120  candles — almost  twice  as  cheap  as 
the  ordinary  burner.  Naturally  even 
more  efficient  results  could  be  secured 
by  high-pressure  gas,  while  petroleum 
incandescent  lighting  was  still  cheaper. 
As  an  illustration  of  the  running  cost 
of  various  systems  of  lighting  he  gave 
the  table  seen  on  the  previous  page. 

Hygienic  Aspects  of  Lighting. 

The  last  query  related  to  the  hygienic 
aspects  of  lighting.  Prof.  Wedding 
spoke  of  this  as  one  of  the  most  im- 
portant questions  in  modern  illuminat- 
ing engineering.  Apart  from  the  pos- 
sible effects  of  products  of  combustion 
from  gas  and  petroleum,  it  was  being 
now  more  fully  appreciated  that  the 
human  eye  ought  to  receive  special 
consideration.  In  interiors  it  was  ad- 
visable to  aim  at  a  well-distributed 
illumination,  and  not  merely  the  pro- 


duction of  a  large  quantity  of  light. 
He  thought  that  incandescent  electric 
lamps,  properly  used,  would  be  found 
very  satisfactory  from  the  hygienic 
standpoint.  They  could  already  be 
made  to  furnish  a  wide  range  of  in- 
tensity, and  could  compete  with  arc- 
lamps  of  all  but  very  high  candle- 
power.  In  the  case  of  arc -lamps, 
moreover,  there  seemed  to  be  inevit- 
ably a  certain  want  of  steadiness  arising 
through  the  working  of  the  mechanism, 
and  from  the  physiological  standpoint 
perfect  steadiness  was  very  desirable. 

In  conclusion,  therefore.  Professor 
Wedding  recommended  imitating  day- 
light conditions  by  the  distribution 
of  smaller  units  rather  than  the  use  of 
concentrated  lamps  of  high  candle- 
power  ;  it  was  also  important  to  secure 
a  source  which  resembled  daylight 
in  quality.  Any  peculiar  colour,  and 
particularly  monochromatic  light,  must, 
he  thought,  be  fatiguing  to  the  eyes. 
Questions  such  as  these  would  be  bound 
to  come  to  the  front  in  the  near  future, 
and  would  be  regarded^  as  quite  as 
important  as  cheapness  and  efficiency 
in  the  engineering  sense,  were  felt  to  be. 


Artistic  Street  Lighting  Standards. 


In  an  article*  published  in  this  journal 
towards  the  end  of  1909,  we  had  occasion 
to  refer  to  some  criticisms  of  street 
Hghting  standards,  for  which  The 
Builder  was  responsible.  In  reviewing 
their  aesthetic  qualities  the  conclusion 
arrived  at  was  "  that  most  are  more 
or  less  defective  from  the  artistic 
standpoint,"  and  that  "  something 
might  perhaps  be  done  in  the  future  to 
secure  more  perfect  conditions  in  this 
respect." 

In  this  connexion,  it  is  interesting 
to  note  that  a  fixture,  designed  by  Mr. 
S.Nicholson  Babb,  and  illustrated  on  the 
opposite  page,  is  now  being  erected  at 
the  corner  of  the  Horse  Guards'  Parade, 
near  the  Foreign  Office.  The  lamp  has 
a  group  of  children  around  the  base, 
symbolizing  England's  maritime  power, 
and  its  artistic  success  may  be  judged 
from  the  fact  that  the  design  won, 
*  Ilium.  Eng.,  Vol.  ii.,  p.  708. 


in  open  competition,  a  prize  offered  by 
the  President  and  Council  of  the 
Royal  Academy,  who  have  since  pre- 
sented the  standard  to  the  Office  of 
Works.  We  are  indebted  to  the 
courtesy  of  the  editor  of  The  Gas  World 
for  the  illustration  reproduced  here. 
It  is  not  always  easy  to  provide  lamp 
standards  which  are  both  satisfactory 
from  the  standpoint  of  artistic  appear- 
ance and  constructional  design,  and 
also  answer  the  requirements  of  the 
engineer,  as  to  raising  and  lowering, 
and  access  to  the  lamps,  &c.  But  it 
may  well  be  suggested  that  much 
more  might  be  done  in  this  direction 
than  at  present,  and  there  seems  room 
for  lectures  on  the  subject  by  com- 
petent authorities  and  the  organization 
of  competition  which  might  lead  to 
valuable  suggestions  as  regards  design. 
No  doubt  facihties  in  these  directions 
would  be  welcomed  by  engineers. 
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[By  the  courtesy  of  The  Gas  World, 

prize  by  the 


Ornamental  Lamp  Standard,  desisjned  b}'  Mr.  S.  Nicholson  Babb,  and  awarded  a 

Council  of  the  Royal  Academy. 

The  Lighting  of  Westminster  Cathedral. 

In  an  article  on  '  The  Illumination  of 
Churches,'*  which  appeared  in  this  jour- 
nal early  in  1909,  reference  was  made  to 
the  Hghting  of  Westminster  Cathedral, 
and  it  was  remarked  that  "  The  present 
temporary  system  of  lighting  by  naked 
metalhc  filament  lamps  in  use  in  the 
building,  will  no  doubt  subsequently 
be   replaced   by  something   more  in 


*  Blum.  Eng.,  London,  Vol.  il.,  Jan.,  1909, 
page  44. 


keeping  with  its  architectural  pre- 
tensions." 

It  is  worthy  of  note  that  massively 
designed  fixtures,  each  carrying  about 
30  lamps,  are  now  being  hung  from 
the  great  arches  at  the  side  of  the  nave. 
The  lamps  are  not  at  present  fitted  ^^ith 
any  shade,  but  they  are,  however, 
of  the  frosted  type,  which  are  naturally 
preferable  to  naked  filament  lamps. 
The  cost,  it  is  understood,  will  amount 
to  about  £2,000. 
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REVIEWS  OF  BOOKS. 

The  Application  of  Arc  Lamps  to  Practical  Purposes. 

By  Justus  Eck,  M.A.,  M.I.E.E. 
{S.  Rentell  <Sc  Co.,  Ltd.,  36,  Maiden  Lane,  Strand,  2s.  6c?.  net.) 


This  book  is,  as  its  sub-title  indicates, 
"  a  manual  for  arc-lamp  users,"  and  it 
should  prove  a  useful  guide  to  many  of 
those  who  wish  to  acquaint  themselves 
with  recent  practical  developments  of  the 
subject  ;  these  are  dealt  with  in  concise 
and  readable  manner,  and  the  illustrations 
are  clear  and  good.  The  book  falls 
naturally  into  two  main  sections  ;  the 
first  eight  chapters  dealing  with  the 
various  properties  and  applications  of 
arc-lamps  in  general,  whilst  chapter  nine 
is  devoted  to  fully  illustrated  descrip- 
tions of  the  different  types  of  arc-lamp 
now  in  use. 

Following  a  short  introductory  chapter, 
the  author  deals  with  '  Light  Radiation.' 
He  points  out  that  satisfactory  illu- 
mination has  been  hampered  in  the  past 
"  from  the  desire  of  makers  of  different 
illuminating  devices  to  compete  on  the 
question  of  brilliancy  instead  of  suit- 
ability," and  explains,  further,  that  to 
have  a  powerful  source  of  light  is  not 
much  use  without  the  knowledge  of  how 
to  obtain  the  best  illumination  from  it. 
In  this  chapter  a  number  of  polar  and 
other  distribution  curves  are  given,  and 


also  tables  and  a  diagram  referring  to 
spacing.  Passing  over  the  next  two 
chapters  on  '  Efficiency  '  and  '  Colour  ' 
respectively,  we  come  to  a  collection  of 
useful  information  in  chap.  v.  This 
contains  descriptions  of  a  number  of 
special  applications  of  arc-lamps,  such 
as  photo-copying  lamps,  searchlight  pro- 
jectors, and  lamps  arranged  for  colour- 
matching.  Diagrams  of  street  lighting 
distribution  are  given,  and  reference  is 
made  to  indirect  lighting  with  inverted 
arcs.  At  the  close  of  the  chapter,  the 
author  deplores  the  tendency  to  lay 
excessive  stress  on  "  cheapness,"  which 
he  thinks  has  greatly  hindered  progress  in 
the  direction  of  artistic  electric  light 
fittings. 

Chap.  vi.  deals  with  connexions,  and 
gives  several  useful  diagrams.  Chaps,  vii. 
and  viii.  cover  the  subject  of  '  Installation 
and  Maintenance,'  and  afford  an  oppor- 
tunity to  the  author  of  drawing  on 
his  large  experience  for  many  practical 
hints.  Chap,  ix.,  as  mentioned  above,  is 
mainly  descriptive,  liberal  use  being  made 
of  illustrations  showing  the  details  of 
the  chief  forms  of  modern  arc-lamps. 


How  to  Use  the  Electric  Light. 

By  Fbederic  H.  Taylor. 
{Percival  Marshall     Co.,  26-29,  Poppin's  Court,  Fleet  Street,  B.C.,  6cZ.  net.) 


This  little  book  is  a  guide  for  the  con- 
sumer's benefit,  written  in  non-technical 
language,  and  containing  many  sugges- 
tions as  to  what  the  user  can  do,  in 
emergency  or  otherwise,  to  get  the  best 
efficiency  from  his  electric  light  service. 

A  chapter  on  '  Correct  Lighting ' 
insists  upon  the  importance  of  selecting 
lamps  and  shades  carefully ;  we  are  glad 
to  see  that  some  of  the  principles  of 
illuminating  engineering  are  briefly  ex- 
plained, and  that  advice  is  given  as  to 
the  use  of  shades  and  reflectors  so  as  to 
distribute  the  light  efficiently  and  screen 
undesirably  bright  sources. 


'  How  to  Read  a  Meter '  is  clearly 
information  which  might  be  useful  to  a 
consumer  ;  it  is  also  probable  that  the 
table  giving  actual  examples  of  the  cost 
of  electric  lighting  in  a  number  of  houses 
of  varying  rentals  will  be  found  of  con- 
siderable service  by  those  who  are  in 
doubt  as  to  whether  their  present  lighting 
arrangements  are  too  generous  or  the 
reverse.  The  book  concludes  with  a  brief 
chapter  on  electric  heating ;  the  table 
giving  particulars  of  the  various  metro- 
politan supply  companies,  is  also  a  ser- 
viceable feature. 
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[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


New  Holophane  Reflectors 

We  have  received  from  The  Holophane 
Co.,  Ltd.  (12,  Carteret  Street,  S.W.),  a 
booklet  dealing  with  their  new  standard 
line  of  Stiletto  prism  reflectors,  the  in- 
tensive form  of  which  (Type  I)  is  illus- 
trated here.  Full  details,  which  include 
polar  distribution  curves,  are  given  for 
each  type  of  reflector,  viz.,  the  extensive 


in  one  definite  position  of  the  lamp.  By 
this  device,  shown  in  the  accompanying 
illustration,  the  varying  positions  of  the 
filament  in  different  makes  of  lamps,  and 
for  different  voltages,  is  compensated  for. 

The  latter  part  of  the  booklet  contains 
general  information  with  regard  to  illu- 


Holophane  Stiletto  Reflector. 


Intensive  Type. 


(E)  type,  the  intensive  (I)  type,  and  the 
focussing  (F)  type.  There  is  also  a  note 
on  the  Holophane  patent  adjustable 
gallery,  which  enables  the  position  of 
the  lamp  within  the  reflector  to  be  ad- 
justed so  as  to  get  the  correct  distribu- 
tion curve,  which  can  only  be  obtained 


Adjustable  Gallery  for  Holophane  Reflectors. 

mination,  designed  to  assist  the  trade 
in  taking  full  advantage  of  the  Holo- 
phane system.  It  includes  spacing  rules, 
tables  of  illumination  required  in  different 
circumstances,  and  information  as  to  how 
this  may  best  be  obtained  when  using 
reflectors  of  the  various  classes. 


"Tantalum" 

Messrs.  Siemens  Bros.  Dynamo  Works, 

Ltd.  (Tyssen  Street,  Dalston,  N.E.),  have 
sent  us  the  following  jDarticulars  with 
regard  to  the  testing  of  "  Tantalimi " 
lamps.  The  final  testing  department 
ensures  good  vacuum,  correct  voltage 
(so  that  any  lamp  may  be  used  for  either 
parallel  or  series  burning),  and  correct 
candle-power.  The  method  adopted  for 
testing  vacuum  consists  in  using  a  large 
insulated  metal  cup  connected  to  one 
terminal  of  a  10,000  volt  transformer 
and  fixed  to  a  spring  for  facilitating  its  use. 
The  lamps  are  then  placed  cap  downward 
in  a  tray  containing  iron  filings  which  is 
"  earthed "  (the  other  terminal  of  the 
transformer  being  also  earthed),  and 
the  charged  contact  is  applied  to  the  bulb 
of  the  lamp  at  the  pip  end.  If  the  bulbs 
fluoresce,  showing  presence  of  air,  the 
lamps  are  taken  out  and  returned  to  the 
Works  for  repair. 

For  correct  voltage  test  the  lamps  are 


Lamp  Tests. 

then  placed  in  racks,  each  of  which 
carries  a  large  number  of  lamp  holders, 
and  the  specified  voltage  for  the  batch 
of  lami3s  in  question  is  applied  to  the 
terminals  of  the  lamps.  Any  lamp  which 
is  over  brilliant  or  dull  is  removed  to 
another  rack  carrying  a  higher  or  lower 
voltage  as  the  case  requires.  On  this 
test  being  comf)leted  the  caps  are  cleaned 
by  a  machine  and  the  correct  voltage  and 
candle-power  stamped  on  each. 

The  lamps  are  then  ready  for  the 
photometric  test  to  verify  that  the  candle- 
power  of  the  lamp  is  precisely  as  marked 
on  the  cap.  A  special  photometer  room 
is  provided  for  the  use  of  inspectors  or 
engineers  wishing  to  make  acceptance  tests, 
fitted  complete  with  the  necessary  regu- 
lating resistances,  switches,  and  instru- 
ments, so  that  all  lamps  may  be  tested 
according  to  a  specification. 

It  is  claimed  that  these  severe  tests  lead 
to  exceptionally  long  Ufe  and  dm*ability. 
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Acetylene  at  the  M 

One  of  the  features  of  the  engineering 
exhibits  at  the  Naval,  Mercantile,  and 
General  Engineering  and  Machinery  Ex- 
hibition, held  at  Olympia,  London,  during 
September,  was  the  display  of  acetylene 
lighting.  A  number  of  M^ell-known  firms 
exhibited.  Imperial  Light,  Ltd.,  123, 
Victoria  Street,  London,  S.W.,  had  on 
show  their  storm-proof  flare  lights  which, 
being  self-contained,  are  specially  well 
adapted  for  use  in  localities  where 
gas  and  electricity  are  not  available, 
for  providing  a  strong  light  in  connexion 
with  buildings  in  course  of  construction, 
unloading  at  the  docks,  &c.  Reference 
has  previously  been  made  to  their  use 
in  this  connexion  in  this  journal.* 

The  Acetylene  Illuminating  Co.  (268, 
South  Lambeth  Road,  London,  S.W.), 
who  claim  to  be  the  pioneers  of  the  oxy- 
acetylene  industry,  had  a  special  exhibit 
demonstrating  the  use  of  the  oxy- 
acetylene  apparatus,  for  welding,  brazing, 
and  cutting  purposes. 

*  Ilium.  Eng.,  Lond.,  Vol.  iii ,  July,  1910,  p.  418. 


achinery  Exhibition. 

The  Thorn  and  Hoddle  Acetylene  Co. 

(151,  Victoria  Street,  London,  S.W.)  had 
a  display  of  the  "  Incanto  "  generators, 
flare  lights,  &c.,  and  also  an  interesting 
exhibit  of  various  artistic  fixtures,  lanterns, 
and  imitation  candles.  .  Another  item 
showed  the  welding  of  aeroplane  frames 
by  the  "  Incanto  "  system. 

One  other  feature  of  the  exhibit 
was  the  use  of  portable  acetylene  table 
and  hand  lamps  equipped  with  generator 
complete,  so  that  they  could  be  stood  on 
a  table  or  carried  about  for  inspection 
purposes  as  desired.  One  lamp  of  this 
kind,  the  "  Carbec  "  table  lamp  of  Messrs. 
C.  C.  Wakefield  &  Co.  (27,  Cannon  Street, 
London,  E.G.)  involves  the  use  of  speci- 
ally prepared  compressed  acetylene  cakes 
by  which,  it  is  claimed,  the  tendency  to 
deterioration  in  quality  due  to  atmo- 
spheric moisture  is  avoided  ;  as  a  result 
generation  of  acetylene  only  takes  place 
when  there  is  actual  contact  with  water, 
and  this  is  said  to  conduce  to  the  safety 
of  the  process. 


Gas  Fires  and  the  Smoke 
Nuisance. 

The    Gas    Light     and    Coke  Company 

report  a  considerable  boom  in  the  business 
of  gas  fire  making,  which  is  to  be  attri- 
buted to  the  great  improvements  made 
during  recent  years  in  the  design  of  gas- 
stoves.  These  advances  have  increased 
the  heat  obtained  whilst  reducing  the 
consumption  of  gas,  and  have  included 
considerable  progress  in  artistic  design. 
It  is  suggested  that  we  are  getting  quite 
appreciably  nearer  to,  though  still  a 
long  way  from,  the  ideal  of  a  smokeless 
city  :  a  city  of  occasional  mists,  perhaps 
always  ;  but  some  day,  quite  possibly, 
a  city  without  fogs. 


The  Lighting  of  Airships. 

It  might  be  thought  that  the  lighting 
of  airsfiips  was  a  hold  hardly  yet  touched 
by  tlio  contractor,  but  we  are  informed  by 
Accumulator   Industries,    Ltd.,    that  the 

Leitnor  "  system  of  automatic  electric 
lighting,  as  suj)i)licd  by  them,  is  installed 


on  the  Clement  Bayard  Dirigible.  It  is 
also  interesting  to  note,  too,  that  the 
ill-fated  America  was  equipped  through- 
out with  Holophane  steel  reflectors  supplied 
by  the  Holophane  Company  of  Newark, 
Ohio. 


The  Lighting  of  Victoria 
Street. 

The  new  system  of  lighting  Victoria 
Street  by  high-pressure  gas  lamps  has 
now  been  completed,  and  the  many 
thousands  of  visitors  to  London  who 
arrive  at  the  Victoria  stations  cannot  fail 
to  be  impressed  by  their  first  experience 
of  London  street  lighting  while  being 
driven  along  Victoria  Street  after  dark — 
or  rather  one  should  say  after  sundown 
— for  the  new  lamps,  each  rated  at  2,000 
candle-power,  have  vastly  increased  the 
illumination  in  what  was  previously  a 
ratlier  gloomy  thoroughfare.  The  im- 
provements that  are  constantly  being 
made  in  high -pressure  lighting  should 
enable  the  gas  lighting  of  London  to 
compare  favourably  with  that  of  the  best 
lighted  Continental  cities. 


TRADE  NOTES. 
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Rain-Proof  Cap  for  Electric 
Glow-Lamps. 

An  ingenious  device  for  rendering  an 
electric  lamp  proof  against  rain,  when  used 
for  purposes  of  outside  illumination,  &c., 
has  been  put  on  the  market  by  Fred 
Wilkins  &  Bros.,  Ltd.  (54,  Whitechapel, 
Liverpool).  The  difficulty  up  to  the 
present  has  been  that  when  lamps  are 
used  in  the  open  air,  and  especially  when 
set  at  an  angle,  rain  gradually  works  into 
the  holder  and  finally  reaches  the  contacts. 
The  new  device  consists  of  a  small  hood 
which  effectually  prevents  the  rain  from 
getting  between  the  socket  and  the  cap. 


Mercury  Vapour  Converters. 

We  have  received  from  the  West- 
inghouse  Cooper  Hewitt  Company  (152, 
Great  Saffron  Hill,  Holborn  Circus,  E.G.) 
particulars  of  the  mercury  vapour 
converters  made  by  this  firm  for  trans- 
forming alternating  current.  They  are 
intended  for  use  with  projection  arcs,  for 
operating  the  electro -magnetic  control  on 
lifts,  &c.,  for  charging  accumulators 
from  alternating  current  supply,  and  other 
purposes  where  a  uni-directional  current 
is  required,  but  would  not  otherwise  be 
available.  

The  ''Axis"  Flame  Arc  Lamp. 

The  "Axis"  lamp,  illustrated  here- 
with, is  a  form  of  flame  arc  lamp  in  which 
the  carbons  are 
mounted  axially  op- 
posite each  other 
instead  of  side  by 
side  ;  it  is  manufac- 
tured by  the  Union 
Electric  Co.  (Park 
Street,  Southwark, 
S.E.).  This  design 
has  been  made  pos- 
sible by  the  use  of 
special  carbons,  hav- 
ing a  relatively  thin 
enclosing  envelope, 
and  a  large  core, 
highly  impregnated 
with  light  -  giving 
salts.  As  exhibited 
in  the  polar  curve, 
the  illumination  from 
the  lamp  is  widely 
spread,  with  a  maxi- 
mum light  emission 
at  35°  below  the  hori- 
zontal. The  lamp  is 
therefore  claimed  to  be 
The  "Axis"  Flame  very  suitable  for  light - 
Arc  Lamp.  ing  large  open  spaces. 


Decorative  Pendant  Fixtures. 

The  accompanying  illustration  shows  a 
form  of  decorative  hanging  chandelier 
which  seems  to  be  commonly  employed 
on  the  Continent,  but  utilized  less  fre- 
quently in  this  country.  It  is  designed 
by  the  firm  of  F.  Klein  (Promenadeplatz 
17,  Munich). 

The  whole  arrangement  is  based  on 
decorative  principles  rather  than  designed 
from  the  point  of  view  of  strict  effici  ncy, 
a  liberal  use  being  made  of  frosted  and 
opalescent  beads  which  glitter  in  an 
effective  manner  when  seen  by  reflected 
light.   

We  are  informed  that  the  Brockie-Pell 
Arc  Lamp  Co.  is  now  amalgamated  with 
the  Foster  Arc  Lamp  Co.,  under  the  title 
of  "  The  Foster  Engineering  Co., 
Ltd."  The  new  company  will  in  future 
supply  all  apparatus  made  under  the 
patents  and  rights  of  both  companies. 
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Other  Items. 

From  Messrs.  Falk,  Stadelmann  &  Co. 

(83-87,  Farringdon  Road,  E.G.)  we 
receive  particulars  of  the  Effesca  metal 
filament  lamps  for  the  season  1910. 

S.  Heilpern  (82,  Hamilton  Road,  Long- 
sight,  Manchester),  particulars  of  the 
' '  Unica    Accumulator  Sediment  Pump. 

Union  Electric  Co.  (Park  Street,  South- 
wark,  S.W.)  send  us  a  copy  of  guide  to  the 
BrusselsExhibition,  containing  an  account, 
illustrated,  of  the  exhibits  of  Garbe, 
Lahmeyer  &  Co.  The  booklet  concludes 
with  a  map  of  the  exhibition. 

From  the  A. E.G.  Electric  Co.,  Ltd. 
(133-5,  Oxford  Street,  W.),  we  have 
received  an  illustrated  list  of  their  flame 
arc-lamps  and  arc-lamp  accessories. 

From  the  Union  Electric  Co.  (Park 
Street,  South wark)  a  list  of  their  "Union  " 
direct  current  motors  from  |  to  50  h.p. 
Also  23articulars  of  a  new  show-card  for 
the  "  Excello  "  flame  arc-lamp. 

Messrs.  R.  &  J.  Beck,  Ltd.  (68,  Cornhill, 
E.G.),  send  us  a  pamphlet  dealing  with 
ordinary  and  diffraction  spectroscopes, 
the  latter  being  suitable  for  pocket  use. 

From  the  Sun.  Electrical  Co.  Ltd.  (118- 
120,  Charing  Cross  Road,  W.C.)  a  de- 
scriptive catalogue  of  the  "  Sun  "  screwed 
tube  system.  Also  an  illustrated  pamphlet 
dealing  with  reflectors,  the  "  Sunlite  "  and 
the  "  Lumin-Ad." 


Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  Tyssen  Sti'eet,  Dalston,  London, 
N.E.,  inform  us  that  they  have  recently 
reduced  their  prices  for  carbon  filament 
lamps  to  the  trade,  and  will  be  pleased 
to  quote  higher  discounts  than  formerly 
on  the  lamps  catalogued  in  their  price  list 
21  D.   

The  Imperial  Lamp  Works  (Brimsdown) 
Ltd.  (Kingsway  House,  Kingsway,  W.C), 
mention  that  they  are  prepared  to  send 
copies  of  their  show-card,  measuring 
20  in.  by  15  in.,  free  of  charge  to  all 
trade  applicants  on  receipt  of  r  cquest. 

Free  Opal  Reflectors. 

We  understand  that  the  same  firm 
have  in  hand  a  new  advertising  device 
in  the  shape  of  opal  shades  on  which 
are  sand-blasted  the  words  "  Tantalum 
Lamps."  These  opal  reflectors  will  be 
suioplied  to  contractors  free  of  charge,  for 
use  on  the  lamp-holders  in  their  premises. 


Contracts  Closed. 

Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  have  obtained  the  contract  for  the 
General  Post  Office  for  "  Tantalum  "  and 
"  Onewatt "  lamps.  They  have  also 
secured  a  maintenance  contract  for  the 
ensuing  twelve  months  for  "  Onewatt  " 
high  c.-p.  lamps  for  street  lighting  in 
Leatherhead  and  district. 


Some  Publications  Received. 

Elektrische  Beleuchtung.     By  Dr.  B.  Monasch.    (Verlag,  Dr.  Max  Janecke,  Hanover.) 

This  is  a  new  edition  of  a  book  previously  reviewed  in  our  pages.*    It  has  been 
thoroughly  revised  and  brought  up  to  date,  and,  it  may  be  noted,  contains  many 
additional  references  to  articles  which  have  appeared  in  The  Illuminating  Engineer. 
Handbuch  filr  den  Besuch  des  Deutschen  Verein  von  Gas  und  Wasserfachmannern.  By 

Dr.  Rudolf  Lessing. 

This  little  guide,  which  is  excellently  illustrated,  records  the  progress  of  the  gas 
industry,  and  gives  details  and  statistics  of  the  chief  gas  companies  in  Great  Britain. 
The  book  was  specially  printed  for  the  benefit  of  the  German  engineers  recently 
visiting  this  country  on  behalf  of  the  German  Institution  of  Gas  Engineers,  and  must 
have  been  found  extremely  serviceable. 

Proceedings  of  the  American  Philosophical  Society. — This  number  contains  an 
article  on  '  The  Effects  of  Temperature  on  Phosphorescence  and  Fluorescence,'  by 
Prof.  E.  L.  Nichols,  to  which  we  hope  to  refer  in  detail  shortly. 

The  Physical  Review. — An  interesting  article  in  this  number  by  Mr.  C.  F.  Brush 
deals  witli  '  Pliotographic  Photometry.' 

Proceedings  of  the  American  Institute  of  Electrical  Engineers. — Tliere  is  a  short  report 
in  this  number  of  the  discussion  on  '  Carbon  Filament  Lamps  as  Photometric  Standards' 
— a  paper  which  was  abstracted  in  our  September  number. 

Among  other  publications  we  have  also  to  acknowledge  tlie  receipt  of  tlie  follow- 
ing : — The  Proceedings  of  the  Physical  Society,  The  Journal  of  the  Society  of  Architects, 
The  Journal  of  the  Royal  Society  of  Arts,  The  Transactions  of  the  South  African 
Institute  of  Electrical  Engineers,  The  Journal  of  the  Franklin  Institute,  The  Journal 
of  the  Western  Society  of  Engineers,  American  ChemicalJournal,  Bulletin  de  la  SociHe 
Imperiale  des  Naturalistes  de  Moscou,  &c.  : 


*  Ilium.  Eng.,  Vol.  i.,  p.  252, 
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Review  of  the  Technical  Press. 


ILLUMINATION  AND  PHOTOMETRY. 

A  number  of  important  items  in  this 
section  have  been  either  ah*eady  noted 
elsewhere  in  this  number,  or  deal  with 
matter  already  familiar  to  readers  of  this 
(ournal,  and  therefore  do  not  call  for 
detailed  comment.  For  example,  in  a 
recent  number  of  The  Times  there  is  a 
full  account  of  the  proceedings  at  the 
Second  International  Congress  on  In- 
dustrial Diseases,  in  which  the  subject 
of  illumination  receives  special  attention, 
and  in  The  Times  Engineering  Supplement 
for  September  28th  there  is  a  general 
article  dealing  with  practical  results  of 
the  recent  discussion  on  Glare  ;  inci- 
dentally it  is  pointed  out  that  the  other 
extreme,  shadowless  illumination,  is  also 
not  usually  desirable.  A  paper  by  J.  S. 
Dow  and  Y.  H.  Mackinney  on  Surface 
Brightness  is  fully  noticed  elsewhere. 

The  last  number  of  the  Transactions  of 
the  Illuminating  Engineering  Society  in 
the  United  States  is  an  important  con- 
tribution to  the  literature  of  illumination  ; 
some  of  the  items  have  already  received 
incidental  notice  in  the  press. 

Thus  Dr.  C.  H.  Sharp's  Street  Light- 
ing Reflector  has  already  been  men- 
tioned. It  is  metallic  of  a  somewhat 
peculiar  shape,  being  expressly  designed 
to  throw  as  much  light  uniformly  down 
the  street  as  possible,  and  to  avoid  the 
waste  of  light  distributed  sideways  ;  a 
special  form  of  the  reflector  can  be  effec- 
tively used  to  illuminate  cross  roads. 

Some  illumination  tests  by  the  same 
author  and  P.  S.  Millar  deal  with  the  part 
played  by  Reflection  from  Walls  in 
certain  illuminated  interiors.  A  paper 
by  L.  R.  Hopton  and  H.  L.  Watkins  in 
the  same  journal  covers  somewhat  un- 
usual ground.  The  authors  discuss  the 
connexion  between  Different  Styles  of 
Architecture  and  Fixture  Design, 
and  the  paper  is  very  fully  illustrated. 
Dr.  L.  Bell  deals  with  Street  Photo- 
metry. The  main  point  brought  out 
in  this  paper  is  the  handicap  under  which 
photometric  experts  labour  in  taking 
tests  in  the  streets  by  reason  of  the 


fluctuations  in  the  sources  of  light.  Arc- 
lamps  notoriously  vary  very  much,  and 
even  the  incandescent  light-  Dr.  Bell  has 
found,  may  be  subject  to  consider- 
able variations  according  to  the  pressure. 
The  photometrist  must  therefore  attempt 
to  strike  a  mean,  but  this  entails  con- 
siderable possibilities  of  error.  It  may 
be  noted  that  Dr.  Bell  does  not  favour 
the  flicker  photometer  for  street  work. 

W.  Wittek  {Elek.  u.  Masch.,  Oct.  9th) 
takes  up  the  question  of  the  most  eco- 
nomical spacing  and  height  of  street  lamps 
in  order  to  produce  a  certain  horizontal 
illumination.  He  shows  that  this  problem 
is  essentially  different  from  that  worked 
out  by  Uppenborn,  on  similar  lines,  and 
gives  several  practical  problems  to  illus- 
trate the  validity  of  his  conclusions. 

It  appears  that  in  France  the  question 
of  the  illumination  of  signal  lamps  on 
trains  is  being  taken  up.  M.  Millerand, 
on  behalf  of  the  Government,  has  issued 
to  several  railways  a  suggestion  that 
stronger  lights  are  needed  in  the  interests 
of  public  safety.  The  Revue  des  Eclair  ages, 
in  referring  to  this  matter,  takes  the 
same  view.  It  is  interesting  to  recall 
that  in  the  United  States  exactly  the 
opposite  difficulty  has  been  experienced, 
namely,  that  the  signal  lights  on  the 
locomotives  were  in  some  cases  so  bril- 
liant as  actually  to  interfere  with  the 
eyes  of  the  drivers.  The  question  of 
Fatalities  Due  to  Dazzling  Lights,  it 
may  also  be  noted,  receives  reference  in 
The  Illuminating  Engineer  of  New  York 
for  September  last. 

Turning  to  articles  of  a  more  technical 
nature,  an  interesting  matter  is  brought 
up  in  an  editorial  in  The  Electrical 
World  (Oct.  6).  It  appears  that  astro- 
nomers, in  estimating  the  brilliancy 
of  stars,  are  now  falling  back  upon 
methods  similar  to  those  of  illu- 
minating engineers  and  expressing  the 
results  in  terms  of  "  candle-power  per 
squ.  cm."  It  is  suggested  that  the 
old  term  "  phos,"  originally  suggested 
as  a  name  for  the  unit  of  brightness 
proposed  hy  M.  Blondel  in  1893,  might 
profitably  be  revived. 
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ELECTRIC  LIGHTING. 

A  recent  editorial  in  The  Electrician 
deals  with  the  effect  of  metallic  filament 
lamps  on  central  station  revenue.  In 
several  cases  electric  supply  companies 
have  decided  to  increase  their  flat  rate, 
and  this  is  deplored  as  unfortunate. 
Reference  is  made  in  the  same  journal 
to  a  recent  report  of  the  lighting  depart- 
ment in  Manchester  where  both  gas  and 
electric  lighting  are  owned  by  the  Cor- 
poration. In  the  circumstances  most 
people  will  agree  with  the  suggestion  in 
the  report  that  there  is  nothing  to  be 
gained  by  the  two  departments  criticizing 
each  other  ! 

Other  articles  deal  with  applications 
of  tungsten  lamps.  Thus  in  The  Elec- 
irical  Review  (London),  it  is  pointed 
out.  that  a  special  variety  of  fixtures 
is  being  evolved  to  suit  the  High 
Power  Incandescent  Lamps,  which 
are  now  becoming  popular  ;  in  these 
designs  there  are  special  points  to  be 
studied  as  a  result  of  the  size  of  units. 

An  interesting  communication  from 
L.  W.  Dixon  describes  the  system  of 
Street  Lighting  by  Overhead  Con- 
ductors at  Dowlais  {Electrician,  Oct.  21). 
This  is  a  method  which  has  only  rarely 
been  applied  in  Great  Britain  where  con- 
cealment of  the  mains  was  adopted  by 
electrical  engineers  in  the  very  earliest 
stages  of  lighting,  but  it  is  suggested  that 
in  country  districts  the  method  might 
be  employed  more  frequently  with  ad- 
vantage. 

W.  Hechler  {E.T.Z.,  Sept.  22)  describes 
a  new  form  of  enclosed  arc -lamps  brought 
out  by  the  A. E.G.  In  this  case  it  appears 
that  the  deposition  of  fumes  on  the  inner 
globe  is  sanctioned — within  certain  limits. 
But  matters  are  arranged  so  that  a 
wide  zone  of  the  inner  globe  near  the  arc 
tself  rapidly  approaches  a  temperature 
at  which  deposition  cannot  occur,  and 
it  is  only  the  lower  and  more  remote 
portions  that  gradually  receive  a  deposit. 
By  far  the  greater  portion  of  the  light  is 
therefore  unobstructed.  A  specific  con- 
sumption of  0*34  watts  per  H.K.  is  said 
to  be  obtained. 

Lastly  special  reference  should  be 
made  to  the  electric  Street  Lighting 
Number  of  The  Electrical  Times  (Oct.  14), 


which  contains  a  variety  of  views  of 
installations  and  deals  with  the  subject 
on  quite  an  extensive  scale. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING,  &c. 

A  serial  article  by  N.  H.  Humphreys 

in  The  American  Gaslight  Journal  surveys 
the  present  state  of  Outdoor  Lighting 
IN  Great  Britain.  The  author  points 
out  that  there  is  a  need  for  more  atten- 
tion to  be  devoted  to  the  utilization  of 
gas  as  apart  from  its  manufacture. 
Some  managers  are  still  unenterprising  in 
this  respect. 

A  useful  contribution  is  that  of  M.  C. 
Whitaker  {T.I.E.S.,  May,  1910),  who  also 
summarizes  progress  in  incandescent  gas 
lighting.  The  author  describes  the  most 
recent  types  of  burners  and  gives  pictures 
of  the  cotton,  ramie,  and  artificial  silk 
mantles.  One  specially  interesting  por- 
tion of  the  paper  is  that  dealing  with 
Automatic  Ignition.  The  author  shows 
that  when  electrically  heated  wires  are 
used  to  kindle  gas  there  are  two 
effects  ;  the  electric  current  heats  the 
wire  to  a  moderate  glow,  and  then  the 
catalytic  action  of  the  gas  impinging 
upon  it  carries  the  temperature  still 
higher  to  incandescence.  There  is,  there- 
fore, a  certain  range  of  temperature  which 
is  satisfactory  and  safe,  but  if  the  wire 
starts  too  hot  it  may  ultimately  melt 
with  the  increase  of  heat  due  to  catalytic 
action.  Hence  the  necessity  for  careful 
design  in  igniters  of  this  class.  Another 
very  serviceable  recent  article  in  the  same 
journal  contains  a  summary  of  the 
advantages  and  disadvantages  of  the 
chief  automatic  systems  of  ignition  of  all 
kinds,  clockwork,  pressure,  electrical, 
&c.,  as  at  present  applied  to  public 
lighting. 

W.  Mayer  (J.  /.  O.,  Oct.  8)  contributes 
an  article  describing  researches  on  the 
much-discussed  question  of  whether  the 
illuminating  effect  of  a  mantle  is  pro- 
portional to  the  calorific  value  of  the 
gas  used.  Past  experiments  on  this 
point  have  led  to  many  apparently  con- 
flicting results,  but  in  reality  this  was 
due  to  the  experiments  being  made  under 
different  conditions,  and  at  present  it 
seems  hardly  possible  to  trace  an  exact 
connexion  between  the  two  quantities 
such  as  could  be  relied  upon  in  practice. 
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EDITORIAL. 
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Recent  Advances  in  Gaslighting^. 

On  Tuesday,  November  8th,  the 
opening  meeting  of  the  second  session 
of  the  Illuminating  Engineering 
Society  took  place,  a  paper  dealing 
with '  Kecent  Advances  in  G-aslighting  ' 
being  read  by  Mr.  F.  W.  Groodenough. 
The  paper  was  followed  by  a  very 
interesting  discussion.  As  explained 
in  our  last  number,  the  intention  on 
this  occasion  was  to  give  up  the  even- 
ing to  a  summary  of  progress  in  gas- 
lighting,  the  understanding  being  that 
a  subsequent  evening  would  be  devoted 
to  a  discussion  on  electric  lighting  on 
the  same  lines.  It  was  also  laid  down 
by  the  President,  on  behalf  of  the 
Council,  that  the  discussion  should  be 
of  a  non-controversial  nature,  and  this 
proviso  was  cordially  approved  by  those 


present  and  followed  by  all  the  speakers 
in  the  discussion. 

At  the  commencement  of  his  paper 
Mr.  Groodenough  laid  stress  on  the 
important  functions  which  a  body  like 
the  Illuminating  Engineering  Society 
can  fulfill,  one  of  these  being  the 
valuable  opportunity  it  affords  for 
those  connected  with  different  systems 
of  illumination  to  meet  and  exchange 
views  on  a  friendly  footing.  We  feel 
sure  that  Mr.  Groodenough's  contribu- 
tion to  the  transactions  of  the  Society 
will  be  read  with  the  keenest  interest, 
not  only  by  those  concerned  mainly  in 
gaslighting,  but  also  by  many  con- 
nected with  other  systems  of  illumina- 
tion. We  can  only  refer  to  a  few  of 
the  interesting  points  that  arose  in 
the  paper  and  the   discussion,  and 
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refer  our  readers  to  the  full  account  of 
the  proceedings  on  page  715. 

Besides  giving  his  experiences  to  the 
practical  performances  of  incandescent 
mantles  under  various  conditions,  Mr. 
Goodenough  dealt  with  several  points 
of  special  interest  to  the  illuminating 
engineer.  We  may  mention,  for  ex- 
ample, his  account  of  the  method 
adopted  by  lighting  companies  of 
judging  and  selecting  mantles  and 
burners,  and  his  discussion  of  the 
means  open  to  a  company  of  helping 
the  consumer  to  get  the  most  from  the 
illuminant  he  is  using,  a  direction  in 
which  Mr.  Goodenough  himself  has 
rendered  signal  service  to  the  gas 
industry. 

The  question  of  the  ability  of  con- 
sumers to  adjust  their  own  burners  led 
to  a  very  interesting  announcement 
from  Mr.  C.  Carpenter,  who  opened  the 
discussion,  of  a  new  step  taken  by  the 
South  Metropolitan  Gas  Company. 
This  consisted  in  the  use  of  a  type  of 
burner  which  did  not  permit  or  neces- 
sitate adjustment  of  the  air  smpply, 
the  arrangements  in  this  respect  being 
standardised  for  the  quality  of  gas 
used.  Burners  of  this  type  are  said 
to  have  given  great  satisfaction,  and 
the  simplicity  of  the  method  should 
prove  very  serviceable  in  view  of  the 
fact  that  not  all  consumers  are  willing 
or  able  to  see  that  their  burners  are 
kept  in  proper  working  order,  and  to 
make  the  necessary  adjustments. 

There  were  many  other  points  that 
gave  rise  to  keen  debate,  one  of  them 
being  the  desirability  of  central  sus- 
pension of  gas-lamps  in  the  streets,  of 
which  several  speakers  (including  Mr. 
Goodenough  himself)  did  not  approve. 
Keference  was  also  made  by  Mr.  Car- 
penter and  Dr.  R.  Lessing  to  the 
theory  of  the  high  efficiency  of  the 
inverted  burner. 

We  should  like  to  express  the 
thanks  of  the  Society  to  all  those  who 
contributed  to  the  success  of  the  even- 
ing, and  especially  to  Mr.  Carpenter 
for  so  kindly  arranging  to  be  present 
and  open  the  discussion. 


Independent  of  the  paper  by  Mr. 
Goodenough,  a  series  of  queries  con- 
nected with  gaslighting  were  drawn 
up  and  submitted  to  various  authori- 
ties in  this  and  other  countries  in 
order  to  give  the  discussion  an  inter- 
national character.  This  list  was  pub- 
lished in  our  last  number,  and  is  again 
reproduced  on  page  732  in  this  issue. 
Replies  have  already  been  received 
from  several  corresponding  members 
of  the  society,  including  Prof.  H. 
Strache,  Mons.  F.  Lauriol,  Mr.  Scholz, 
and  others,  and  will  be  found  on 
pages  733  to  736.  We  hope  that  in 
our  next  number  we  shall  be  able  to 
publish  other  contributions  from  autho- 
rities in  the  United  States  and  else- 
where. In  conclusion,  we  hope  that 
this  discussion  has  afforded  an  oppor- 
tunity to  members  of  the  gas  industry 
of  assuring  themselves  of  our  desire  to 
maintain  a  strictly  impartial  attitude 
and  to  treat  all  illuminants  in  an 
unbiassed  manner. 

The  Fourth  Annual  Convention  of 
the  llluminatinfi; 
Engineering  Society  (U.S,A.) 

The  Fourth  Annual  Convention  of 
the  Illuminating  Engineering  Society 
took  place  in  the  United  States  last 
month,  and  seems  to  have  been  as 
was  expected,  exceedingly  successful. 
Unfortunately  we  cannot  afiford  space 
in  this  number  to  do  justice  to  the 
meeting  as  we  should  have  liked 
to  do,  but  we  propose  to  deal  with 
the  matter  in  greater  detail  shortly. 
The  Presidential  Address  delivered 
by  Dr.  E.  P.  Hyde,  pleaded  for 
a  broad  conception  of  illumina- 
ting engineering.  A  summary  was 
also  given  of  the  present  know- 
ledge regarding  the  different  qualities 
of  radiation  in  various  parts  of  the 
spectrum.  Dr.  Hyde  mentioned  that 
it  was  theoretically  possible  to  secure 
a  luminous  efficiency  of  300  lumens 
per  watt  for  the  case  of  white  light, 
and  800  lumens  per  watt  for  yellow- 
green  light — values  which  we  are  still 
a  long  way  from  realising. 


EDITORIAL. 


699 


Among  other  important  papers  pre- 
sented we  note  that  of  Mr.  A.  J.  Sweet, 
who  advocated  further  study  of  the 
nature  of  the  surfaces  illuminated  in 
street  lighting,  as  well  as  the  distribu- 
tion of  the  illuminating  sources.  Prof. 
Ashe,  Mr.  Oehlmann,  and  Mr.  Williams, 
of  the  Denver  E.  Lighting  Co.,  all 
gave  accounts  of  the  education  of 
employees  in  connection  with  illu- 
minating engineering  in  their  districts 
and  testified  to  the  importance  now 
Etttached  by  lighting  companies  to 
facilities  in  this  direction,  and  to 
securing  a  staff  of  specially  trained 
men.  Valuable  papers  on  photometry 
and  other  subjects  were  read  by 
Drs.  H.  E.  Ives,  L.  B.  Rosa,  Mr.  V.  R. 
Lansingh,  and  others. 

An  important  precedent  was  also  set 
by  the  report  of  the  Committee,  con- 
cerned with  nomenclature  and  symbols, 
which  has  been  considering  the  ques- 
tion of  the  correct  naming  and  signifi- 
cance of  such  terms  as  intensity  of 
light,  lux,  flux,  &c.,  commonly  used  in 
connection  with  lighting  problems. 
We  are  confident  that  any  decisions 
taken  by  this  committee  will  be  recog- 
nised as  merely  provisional  and  pre- 
paratory, in  order  to  pave  the  way  for 
discussion  on  the  part  of  of  representa- 
tives of  the  different  countries  con- 
cerned, and  ultimate  international 
agreement. 

It  may  be  added  that  the  member- 
ship of  the  Society  in  the  United 
States  now  exceeds  1,250.  The  con- 
stant increase  in  this  direction  should 
render  the  Society  even  more  repre- 
sentative in  character  than  in  the  past, 
and  enlarge  still  further  the  scope  of 
its  work  in  bringing  home  the  need 
for  good  illumination  to  the  general 
public. 

The  Johns  Hopkins  Lectures  in 
liluminatine;  Engineering:. 

We  have  already  drawn  attention  to 
the  important  series  of  lectures  which 
has  just  taken  place  at  the  Convention 
of  the  American  Illuminating  Engineer- 
ing Society,  and  in   this  connexion 


it  only  needs  to  be  said  that  the 
course  has  apparently  fully  justi- 
fied its  prospects  of  success,  being 
attended  by  over  250  post-graduate 
teachers  and  others  interested  in  illu- 
mination. As  many  of  these  will,  in 
their  turn,  subsequently  deliver  lec- 
tures dealing  with  illuminating  engi- 
neering, it  can  be  seen  how  beneficial 
such  a  course  may  be  in  developing 
the  movement  on  the  right  lines,  and 
leading  to  the  gradual  evolution  of  men 
having  the  full  qualifications  of  the 
illuminating  engineer. 

We  have  now  received  the  final 
syllabus  of  the  lectures.  It  includes 
more  than  forty  pages  of  printed  matter 
and  affords  further  evidence  of  the 
scope  of  the  course  and  the  thorough- 
ness with  which  the  ground  has  been 
covered.  We  understand  that  the 
lectures  will  be  subsequently  published 
in  two  volumes,  and  should  furnish  a 
remarkably  up-to-date  and  complete 
guide  to  all  those  interested  in  illu- 
minating engineering. 

Problems  in  Street  Lighting:. 

We  deal  elsewhere  with  some  inter- 
esting features  in  the  new  building  of 
the  Institution  of  Electrical  Engineers, 
and  the  fascinating  address  delivered 
by  the  new  President,  Mr.  S.  Z.  de 
Ferranti,  at  the  opening  meeting. 

On  November  24th,  illumination  was 
again  to  the  fore,  an  interesting  and 
suggestive  paper  on  '  Street  Lighting  ' 
being  read  by  Mr.  Haydn  T.  Harrison. 

In  our  present  number  we  complete 
the  paper  by  Mr.  A.  J.  Sweet  on  the 
same  subject,  and  we  postpone 
detailed  treatment  of  this  matter 
to  our  next  number,  which  it  will 
be  recalled,  is  to  contain  Prof.  E.  W. 
Marchant's  coming  paper  before  the 
Illuminating  Engineering  Society  and 
is  to  be  devoted  especially  to  progress 
in  electric  lighting. 

There  is  one  point,  however,  in  con- 
nection with  Mr.  Haydn  Harrison's 
paper,  which  deserves  special  emphasis. 
Many  papers  have  been  (presented  in 
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the  past  dealing  with  street  lighting 
but  in  too  many  cases  these  resolved 
themselves  purely  and  simply  into  an 
analysis  of  cost,  the  object  being  to 
prove  that  electricity  is  cheaper  than 
gas  or  vice  versa.  In  his  paper,  Mr. 
Haydn  Harrison  presents  a  considerable 
amount  of  information  regarding  the 
performances  of  various  types  of  lamps, 
but  he  has  also  done  good  service  by 
drawing  attention  to  the  illuminating 
engineering  standpoint. 

Nowadays  it  is  becoming  increas- 
ingly evident  that  the  question  of  cost 
is  only  one  important  item.  There 
are  many  other  questions  connected 
with  the  effect— the  best  positions 
of  sources  and  their  distribution, 
the  most  effective  variety  of  illumina- 
tion for  certain  classes  of  streets,  &c. — 
which  are  rapidly  coming  to  the  front. 
Foremost  among  these  is  the  very 
difficult  problem  of  securing  good  dis- 
tribution of  illumination  and  yet  avoid- 
ing glare,  and  it  was  significant  that 
the  discussion  of  Mr.  Harrison's  paper 
was  largely  devoted  to  this  matter. 
For  our  part,  we  are  convinced  that  in 
the  near  future  the  discussion  of  what 
constitutes  good  lighting  will  turn 
more  and  more  on  this  question  of 
avoiding  badly-placed  and  inconve- 
niently brilliant  lights.  The  tendency 
in  this  direction  is  accentuated  still 
further  by  the  change  in  the  nature  of 
traffic  and  the  increased  speed  of 
mechanically  -  driven  vehicles.  Con- 
ditions of  lighting  which  dazzle  the 
eyes  of  drivers  and  bewilder  pedes- 
trians might  have  been  tolerated  a  few 
years  ago,  but  are  too  dangerous  to  be 
acquiesced  in  now.  It  may  therefore 
be  anticipated  that  authorities  con- 
cerned with  traffic  regulation  will  pay 
an  increased  amount  of  attention  to 
street  lighting. 

What,  however,  was  the  most  im- 
portant item  in  the  discussion  was  a 
proposal  of  Mr.  C.  P.  Sparks,  which  we 
have  long  ago  advocated,  and  which,  we 


were  glad  to  see,  met.  with  general 
approval.  This  was  that  a  com- 
mittee —  on  which  electric  and  gas 
engineers,  surveyors,  and  all  concerned 
with  the  subject  of  street  lighting 
should  be  represented  —  should  be 
formed  in  order  to  deal  with  these 
problems  of  common  intere^st  to  all 
concerned.  We  feel  sure  that  this 
suggestion  will  receive  warm  sympathy 
and  encouragement  from  the  Illu- 
minating Engineering  Society,  which 
has  from  the  first  recognized  the  need 
for  agreement  on  such  points,and,being 
impartial  and  international  in  its  out- 
look, should  be  specially  qualified  to 
assist  in  this  matter. 

Illumination,  its  Distribution  and 
Measurement. 

In  the  last  number  we  brought  to  a 
close  the  admirable  series  of  articles 
which  Mr.  A.  P.  Trotter  has  been  con- 
tributing to  the  JLluminating  Engi- 
neer from  its  commencement  in  Janu- 
ary, 1908.  We  feel  that  we  cannot 
let  this  occasion  pass  without  express- 
ing our  appreciation  of  this  compre- 
hensive series  of  articles,  the  regular 
appearance  of  which,  month  by  month, 
at  the  commencement  of  each  number, 
has  been  a  familiar  and  appreciated 
feature  of  the  journal  by  regular 
readers. 

The  high  standard  maintained  in 
this  series  of  articles  and  Mr.  Trotter's 
reputation  as  an  authority  on  matters 
connected  with  photometry  and  illu- 
mination has  been  of  very  great  ser- 
vice to  the  journal,  and  we  feel  sure 
that  they  will  remain  a  valuable  source 
of  reference  for  information  on  these 
subjects. 

Headers  will  be  glad  to  hear  that 
it  is  anticipated  that  the  material 
of  these  articles  (with  considerable 
additions  occasioned  by  the  most  recent 
progress)  will  be  issued  in  book 
form  very  shortly,  and  we  shall  await 
the  appearance  of  this  work  with  great 
interest.  Leon  Gaster. 
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Review  of  Contents  of  this  Issue. 


The  Technical  Section  opens  with  a 
message  from  Mr.  S.  E.  Doane,  Chief 
Engineer  of  the  National  Electric  Lamp 
Association,  in  the  United  States,  to 
illuminating  engineers  in  this  country. 
He  lays  stress  on  the  importance  of 
concerted  action  between  those  con- 
nected Avith  different  branches  of  light- 
ing, and,  as  a  special  example,  mentions 
the  experience  of  the  United  States 
regarding  the  standardization  of  lamps 
and  reflectors  (p.  703). 

Following  this  will  be  found  a  con- 
tribution from  Mons.  P.  Lauriol,  in 
which  he  describes  the  method  adopted 
by  the  Lighting  Department  in  Paris 
of  Testing  a  number  of  Incandes- 
cent Mantles  at  a  time.  The  sys- 
tem involves  the  use  of  a  photometer 
with  a  'graduated  aperture,  and  mea- 
surements are  made  on  the  "Double 
Comparison"  method. 

The  paper  by  Mr.  A.  J.  Sweet,  on 
the  Analysis  of  Street  -  lighting 
Requirements,  is  completed  in  this 
number  (p.  705).  In  the  last  section 
the  author  dealt  mainly  with  the  most 
effective  methods  of  distributing  light 
and  securing  uniform  illumination  in 
the  streets.  In  the  present  number  he 
is  concerned  mainly  with  the  other 
great  important  factor  in  street-lighting 
— the  avoidance  of  glare.  He  de- 
scribes a  series  of  tests  in  which  the 
connexion  between  the  intensity  of 
glare  and  acateness  of  vision  is  studied 
and  relations  are  deduced  between  the 
glare  and  the  candle-power,  distance 
away  of  the  source,  and  the  angle  at 
which  its  rays  arrive  at  the  eye.  In 
conclusion  Mr.  Sweet  makes  a  number 
of  recommendations  as  to  how  the  ideal 
result  can  best  be  obtained,  one  of  the 
most  important  being  that  the  ratio 
between  the  distance  apart  of  the  lamps 
and  their  height  above  the  roadway 
should  not  be  greater  than  4,  and  that 
the  angle  with  the  horizontal  at  which 
direct  rays  from  the  lamp  can  reach 


the  eye  of  pedestrians  should  not  be 
greater  than  30  degrees. 

-The  next  section  of  the  magazine  is 
devoted  to  transactions  of  the  5llU* 

mlnating  Bngtneertng  Socteti? 

(p.  711).  This  portion  of  the  journal 
opens  with  a  brief  report  of  the  last 
meeting  of  the  society  held  on  Novem- 
ber 8th,  and  a  list  of  the  names  of 
elected  members,  and  of  those  who 
have  applied  for  membership  in  the 
society,  is  published.  An  important 
item  is  the  Report  of  the  Hon.  Secre- 
tary regarding  the  visit  of  delegates  of 
the  Society  to  the  Congres  Inter- 
national DES  Maladies  Profes- 
siONELLES,  where  influential  support 
was  received. 

The  paper  by  Mr.  F.  W.  Goodenough 
on  Recent  Advances  in,  and  the 
Present  Status  of  Gaslighting, 
which  was  read  at  the  meeting  men- 
tioned above,  is  reproduced  in  full 
(p.  715). 

The  President,  in  introducing  the 
discussion,  explained  that  it  Avas  in- 
tended that  the  evening  should  be 
devoted  to  a  non-controversial  sum- 
mary of  progress  in  gaslighting.  Sub- 
sequently a  second  evening  in  the 
session  would  be  devoted  to  a  corre- 
sponding discussion  by  electric  lighting 
authorities,  in  which  advances  in  this 
direction  would  be  dealt  with. 

Mr.  Goodenough  refers  to  the  im- 
portant function  exercised  by  the 
Illuminating  Engineering  Society  in 
enabling  engineers  connected  with  dif- 
ferent systems  of  lighting  to  meet  on  a 
common  footing.  Details  are  given  of 
the  efficiency  and  life  of  various  classes 
of  mantles  in  practice,  and  special 
reference  is  made  to  the  progress  in 
high  pressure  street-lighting.  Reference 
is  made  to  recent  progress  such  as 
the  use  of  non-collodionised  mantles, 
by  which  the  tendency  to  breakage  of 
mantles  is  diminished,  and  materially 
improved  results  as  regards  Ufe  secured. 
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Photographs  of  recent  installations  in 
various  main  thoroughfares  in  London 
accompany  this  description.  Mr.  Good- 
enough  also  emphasizes  the  value  of  a 
"maintenance  contract"  to  the  con- 
sumer, who  would  otherwise  run  the 
risk  of  not  keeping  his  installation  in 
the  most  perfect  condition. 

This  paper  is  followed  by  a  complete 
account  of  the  discussion  at  the  meet- 
ing (p.  725.)  The  discussion  was  opened 
by  Mr.  C.  Carpenter,  Chairman  of  the 
South  Metropohtan  Gas  Co.,  who 
discussed,  among  other  matters,  the 
theory  of  the  improved  efficiency 
secured  through  the  use  of  inverted 
burners.  Mr.  Carpenter  also  made  an 
important  announcement  regarding  a 
new  type  of  burner,  which  was  correctly 
set  for  a  given  quality  of  gas  and  re- 
quired no  air  regulation,  and  which 
had  been  recently  introduced  by  the 
South  Metropolitan  Gas  Co.  with  great 
success. 

Mr.  Chas.  W.  Hastings  alluded  to 
the  need  of  keeping  the  supply -presssure 
at  a  definite  value,  and  Mr.  W.  H.  Y. 
Webber  expressed  his  agreement  with 
the  lecturer  to  the  effect  that  centrally 
suspended  gas  lamps  were  undesirable. 

Dr.  R.  Lessing  dealt  mainly  with 
the  efficiency  of  the  inverted  burner, 
which  was  mainly  a  matter  of  flame- 
temperature.  Important  evidence  of 
the  conditions  of  combustion  was 
furnished  by  analysis  of  the  flue-gases. 

Mr.  W.  J.  A.  Butterfield  alluded  to 
his  experience  of  inverted  mantles 
which  had  been  very  satisfactory,  and 
pointed  out  that  centrally  suspended 
lamps  in  the  streets  might  interfere 
with  fire-escapes.  Mr.  A.  E.  Broad- 
berry  (Tottenham  Gas  Co.),  predicted 
still  better  efficiency  as  the  result  of 
increased  pressures.  Mr.  S.  E.  Doane, 
as  a  visitor  from  the  United  States, 
expressed  his  sympathy  with  the  work 
of  the  Society,  and  Mr.  S.  E.  Thornton 
(Chairman  of  Messrs.  Sugg,  Ltd.),  sug- 
gested the  desirability  of  paying  atten- 
tion to  the  illumination  of  the  exteriors 
of  buildings.  Mr.  Edwards  (Aldershot 
Gas  Co.),  approved  of  central  lighting 


in  certain  circumstances,  and  raised 
the  question  of  how  far  non-adjustable 
burners  could  be  utihzed  with  a 
system  of  mixed  gases. 

The  President  made  a  few  final 
remarks  in  the  discussion,  and  Mr. 
Goodenough's  reply  will  be  found  on 
page  729. 

A  number  of  Queries  on  Various 
Points  CONNECTED  with  Gas-lighting 
were  also  prepared  and  circulated 
among  authorities  on  the  subject. 
Rephes  from  Prof.  H.  Strache,  Mons. 
P.  Lauriol,  Herr  Scholz,  and  Mr.  Geo. 
Keith  have  been  received  and  will  be 
found  on  page  733.  It  is  anticipated 
that  contributions  from  other  corre- 
sponding members  will  be  published  in 
the  next  number.  Two  recent  contri- 
butions from  Mr.  M.  C.  Whitaker  in 
the  United  States  and  Herr  Lebeis, 
in  BerUn  are  also  dealt  with.  A  parti- 
cularly interesting  note  in  the  former 
paper  deals  with  the  Theory  of  Elec- 
trical Ignition  of  Gas. 

On  page  740  vnW  be  found  an  account 
of  the  Lighting  of  the  New  Build- 
ing OF  THE  Institution  of  Electrical 
Engineers.  The  main  feature  is  the 
system  of  indirect  lighting  in  the 
lecture  theatre  by  cornice  lights,  sup- 
plemented by  mercury  -  vapour  sihca 
lamps  which  send  their  rays  through  a 
central  glass  area.  The  results  of  some 
tests  on  the  illumination  in  various 
parts  of  the  building  are  also  given. 

Following  this  will  be  found  the 
second  of  the  series  of  "Light  Con- 
versations IN  Illuminating  Engi- 
neering" in  which  the  fighting  instal- 
lation previously  described  is  dealt 
with  in  a  conversational  and  critical 
manner. 

On  page  746  will  be  found  the  usual 
Short  Notes  on  Illuminating  Engi- 
neering, including  Correspondence 
and  Publications  Received,  &c.  A 
special  feature  in  this  number  is  also 
the  series  of  Trade  Notes  relating  to 
novelties  in  connexion  with  gas  lighting. 

At  the  end  of  the  journal  will  be 
found  the  usual  Review  of  the 
Technical  Press. 
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The  Editor  while  not  soliciting  contributions,  is  willing  to  consider  tht  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the 
correspondence  columns  of '  The  Illuminating  Engineer,'' 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors. 

Co-operation  on  Lighting  Problems. 

A  Message  from  Mr.  S.  E.  Doane,  Chief  Engineer  to  the  National 
Electric  Lamp  Association,  U.S.A. 


Among  recent  visitors  from  the  United 
States  interested  in  illumination,  it 
was  a  pleasure  to  meet  Mr.  S.  E.  Doane, 
who  attended  the  last  meeting  of  the 
Illuminating  Engineering  Society  in 
London  on  November  8th. 

Mr.  Doane  has  also  kindly  con- 
sented to  depart  from  his  usual  practice 
by  giving  to  readers  the  following  message 
summarizing  some  of  his  impressions 
regarding  the  directions  in  which  further 
progress  in  illuminating  engineering  in 
this  country  may  now  be  expected  to 
proceed  : — 

As  a  visitor  in  an  unfamiliar  country, 
I  can  naturally  only  express  general 
views,  but  there  are  several  features  in 
the  conditions  here  which  strike  me  as 
distinct  from  those  prevailing  in  the 
United  States.  Most  of  these  can  be 
traced  back  to  the  organized  and  con- 
certed action  between  makers  of  lamps, 
galleries,  and  shades  in  that  country. 
Our  experience  has  been  that  it  is 
absolutely  essential,  if  the  illuminating 
engineer  is  to  do  himself  justice,  that 
he  should  have  a  standard  product  to 
deal  with. 

Now  in  the  United  States  reflectors, 
lamp  holders,  galleries,  and  lamps  are 
so  standardized  that  the  illuminating 
engineer  can  now  foretell  results  as 
regards  intensity  and  distribution. 
Having  decided  on  a  given  arrange- 
ment, he  can  leave  the  installation 
details  in  the  hands  of  workmen  possess- 
ing comparatively  little  knowledge  of 
illuminating  engineering  principles,  and 


yet  feel  confident  that  the  final  result 
will  be  what  he  anticipated. 

It  has  been  found  to  be  very  essential 
for  example,  that  the  filaments  of 
lamps  should  always  be  in  a  certain 
fixed  position  relative  to  the  reflectors, 
so  that  the  resulting  distribution  of 
light  can  be  accurately  specified.  In 
the  same  way,  when  a  lamp  has  burnt 
out,  and  the  consumer  replaces  it  by 
another  one,  it  is  very  desirable  that 
the  new  lamp  should  exactly  resemble 
that  previously  used,  so  that  the  dis- 
tribution of  illumination  is  unaltered. 

I  believe,  therefore,  that  concerted 
action  in  this  direction  will  be  found 
very  beneficial  by  engineers  in  Great 
Britain,  but  it  must  arise  through  a 
spontaneous  and  general  agreement 
regarding  the  obvious  desirability  of 
such  standardization,  and  in  prescrib- 
ing the  conditions,  the  advice  of  those 
intimately  acquainted  with  the  details 
of  manufacture  must  be  sought.  It  is  also 
necessary  to  avoid  over-speciahzation  ; 
the  main  point  is  to  bring  about  the 
proper  relation  between  the  position  of  the 
filament  and  the  reflector,  and  this 
should  be  accomplished  with  as  great 
a  latitude  as  possible. 

In  conclusion,  I  should  Hke  to  say 
that  this  is  only  one  illustration  of  the 
need  for  co-operation  between  those 
concerned  with  different  aspects  of 
illumination  ;  it  is  to  concerted  action 
of  this  kind  that  the  success  of  the 
Illuminating  Engineering  Society  in 
the  United  States  has  been  mainly  due. 
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Note  on  the  Rapid  Photometrical  Testing  of  a  Number  of 
Incandescent  Gas  Burners. 

By  p.  Lauriol,  Chief  Engineer  of  the  Lighting  Department  of  the 

City  of  Paris. 


In  order  to  know  the  real  value  of  a 
gas  burner  and  mantle,  it  is  necessary 
to  run  it  for  a  considerable  time,  say 
400  hours,  test  its  candle-power  every 

^8 


It 


N 


I 


100  hours,  measuring  simultaneously 
the  output  of  gas.  It  is  also  desirable 
not  to  move  the  burner  to  and  fro  on 
the  photometer  bench,  nor  to  extin- 


guish it  and  relight  it  between  each 
test. 

We  have  found  in  our  laboratory  that 
the  arrangement  sketched  in  the  accom- 
panying illustration  enables  the  work 
to  be  done  quickly  and  correctly. 

In  the  accompanying  diagram,  A  is 
the  main  gas  pipe  branching  into  two, 
a  large  one,  HH,  and  a  small  one,  KK. 
The  burners,  Bi,  B2,  &c.,  can  be  con- 
nected by  means  of  the  cross-pipes 
and  cocks  to  either  or  both  of  these 
pipes,  and  also  can  be  transferred 
from  one  pipe  to|the  other  without 
being  extinguished.  A  check  meter 
is  placed  at  M.  The  photometer  car- 
riage, mounted  on  wheels  to  move 
rapidly  from  one  burner  to  another, 
contains  a  photometer,  P,  a  source  of 
light,  L,  and  a  mirror,  N.  The  type  of 
photometer  used  is  the  Blondel-Broca, 
but  any  type  in  which  neither  the 
source  of  light  nor  the  photometer 
itself  have  toj  be  moved  would  be 
suitable.  The^  light  in  this  case  is 
varied  by  the  width  of  opening  in  the 
photometer.  %  When  a  measurement  is 
made  we  have  : — 

Bi=abi  L 

where  Bi  and  L  are  the  candle-powers 
of  the  source  of  light  tested  and  the 
comparison  lamp  respectively. 

a  is  a  constant  depending  on  the 
distances   B^N,   NP,   LP,  the 
nature  of  the  photometer  and 
the  mirror, 
bi  is  a  number  that  may  be  cal- 
culated according  to  the  variable 
width  given  to  the  photometer 
openings. 
With  the  other  burners  we  find  : — 
B2=a  ba  L 
B3=a  ba  L,  &c. 
With  a  standard  lamp,  S,  in  the  same 
line  as  the  burner,  we  have 
S=a  bo  L 

,  Hence, 
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Thus  it  is  not  necessary  to  know  the 
value  of  either  a  or  L,  so  long  as  they 
are  kept  constant ;  by  this  "  double 
comparison  "  method,  many  sources  of 
error  are  eliminated. 

S,  the  candle-power  of  which  must 
be  known,  is  a  standard  electric  lamp. 


which  is  only  utilized  for  a  very  short 
time  in  each  series  of  tests,  and  is  fre- 
quently compared  with  other  standards. 

Screens  are  used  to  cut  off  light 
coming  from  other  sources  than  those 
to  be  compared,  but  these  are  not 
shown  in  the  diagram. 


An  Analysis  of  Illumination  Requirements  in  Street  Lighting. 

By  Arthur  J.  Sweet. 

fPaper  reai  before  the  Franklin  Institute,  Philadelphia,  U.S.A.,  March  3rd,  1910;  slightly  abbreviated.) 

[Concluded  from  p.  654-) 


The  Study  of  Glare  Effect. 

The  second  great  division  of  our 
subject,  the  study  of  glare  effect,  has 
already  been  introduced  in  general 
terms  in  the  earher  portion  of  this 
paper.  It  now  remains  to  analyze 
glare  effect  closely,  to  determine  the 
laws  of  operation  of  the  conditions  that 
produce  it,  and  to  learn  the  limitations 
which  it  imposes  on  our  problem. 

Subject  to  confirmation  by  research 
results,  glare  effect  may  be  assumed 
to  vary  with  the  following  factors  : 

[a)  Distance  of  the  eye  from  the 
light  source. 

(6)  Total  light  flux  in  the  direction 
of  the  eye,  this  being  measured  in 
apparent  candle-power  at  the  distance 
of  the  eye. 

(c)  Intrinsic  brilliancy  of  the  hght 
source. 

{d)  Angular  position  of  the  light 
source  in  the  field  of  vision,  the  visuali- 
ized  object  being  assumed  to  occupy  the 
centre  of  the  field  of  vision. 

(e)  Distance  of  the  light  source 
from  the  eye  relative  to  the  distance 
of  the  visuahzed  object  upon  which 
the  eye  is  focussed. 

In  the  research  to  be  reported  upon 
in  the  following  paragraphs,  the  factor 
(ft)  was  separately  studied  and  deter- 
mined with  sufficient  exactness  to 
reliably  indicate  its  character  and 
approximate  magnitude  for  distances 


up  to  100  ft.  Factors  (6)  and  (c)  were 
studied  unseparated,  as  a  single  factor, 
the  light  flux  varying  directly  as  the 
intrinsic  brilUancy.  Factor  [d)  was 
separately  studied  and  evaluated. 
Factor  (e)  was  not  investigated,  the 
distance  of  the  light  source  from  the  eye 
being  in  all  cases  taken  as  equal  to  the 
distance  of  the  visualized  object.  This 
condition  corresponds  to  the  most 
usual  condition  of  actual  street  vision. 

Acuteness  of  Vision  as  a  means  of 
Testing  Glare. 

Heretofore  no  satisfactory  measure 
of  glare  effect  has  been  proposed. 
Since  we  are  dealing  with  a  psycho- 
logical phenomenon,  the  basis  of 
measure  must  obviously  be  a  psycho- 
logical one.  On  the  other  hand,  the 
measure  must  be  expressible  in  definite 
numerical  units.  A  method  of  mea- 
surement based  on  visual  acuity  was 
ultimately  adopted. 

A  careful  preliminary  investigation 
established  the  fact  that,  under  ^^ddely 
varying  daylight  conditions,  visual 
acuity  was  wholly  independent  of 
distance,  within  the  limits  investigated: 
that  is  to  say,  with  any  given  type  of 
visualized  object,  the  minimum  size 
of  object  which  can  be  just  barely 
distinguished  as  a  separate  unity 
is  exactly  proportional  to  the  visual 
distance.  Three  different  test  plates,  in 
which  detail  in  gradually  diminishing 
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size  was  displayed,  were  utilized,  each 
object  of  unit  gradation  is  10  per  cent, 
smaller  than  the  one  previous. 

After  estabUshing  the  fact  just  stated, 
each  observer  was  cahbrated,  the  deter- 
mination being  made  of  the  minimum 
unit  gradation  which  could  be  indi- 
vidualized under  dayhght  conditions 
at  various  standard  test  distances. 
The  fourth  larger  gradation  was  then 
chosen  as  the  test  object  at  the  corre- 
sponding distance  in  the  glare  tests. 
This  made  it  certain  that  the  test 
objects  were,  by  a  uniform  amount, 
well  within  the  limits  of  visual  acuity 


under  any  given  condition.  [The 
author  believes  that  this  basis  of 
measurement  is  a  very  satisfactory 
one  and  has  a  wide  field  of  usefulness 
in  future  investigations  of  this  cha- 
racter.] 

Connexion  between  Glare  and 
Distance  of  Eye. 

The  basis  of  measurement  being 
established,  tests  were  first  made  to 
determine  the  relation  between  distance 
of  the  light  source  from  the  eye  and  the 
magnitude  of  the  decrease  in  visual 
efficiency  due  to  glare.    These  tests 


20  30  40  50  60  70  80 

Feet  distant  horizontally  from  lamp. 

Fig.  8.— Eelation  between  Glare  Effect  and  Distance. 
Curve  A=    12  5  Candle  power. 
„     B=    50       „  „ 
„     C=  100 

„     E=  400 


under  adequate  conditions  of  illumina- 
tion. Consequently  the  ability  to 
visualize  these  objects  was  wholly 
determined  by  the  visual  efficiency 
of  the  eye  and  by  the  intensity  of 
illumination  on  the  object.  Expressed 
mathematically,  we  are  here  dealing 
with  a  constant  which  is  a  function  of 
two  variables.  One  variable,  there- 
fore, the  minimum  intensity  of  illu- 
mination on  the  object  required  to 
produce  just-visibihty,  may  be  correctly 
employed  as  a  measure  of  the  other 
variable,   the   efiiciency   of   the  eye 


were  made  at  five  test  stations,  three 
independent  sets  of  readings,  one  with 
each  test  plate,  being  taken  at  each 
station.  Parallel  tests  were  made  with 
different  observers.  The  complete 
series  was  then  repeated  with  each 
observer,  using  various  other  candle- 
power  intensities  of  the  light  source. 
The  area  of  the  light  source  throughout 
all  these  tests  was  kept  constant,  at 
about  50  square  inches,  the  intrinsic 
brilliancy  thus  varying  directly  with 
the  candle-power,  as  has  already  been 
stated. 
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Fig.  8  derived  from  the  test  data 
obtained  as  just  described,  expresses 
the  relation  between  glare  effect  and 
distance,  the  light  unit  being  situated 
beside  the  visualized  object  in  the 
centre  of  the  field  of  vision.  The 
ordinates  express  visual  efficiency  in 
terms  of  the  per  cent  intensity  of  illu- 
mination on  the  visualized  object 
which  would  be  required  for  equal 
visual  acuity  were  the  light  source 
entirely  removed  from  the  field  of 
vision.  It  will  be  noted  that  at 
12 J  c.-p.  and  an  intrinsic  brilhancy 
of  0.25  (British  units),  the  glare  effect 
drops  off  at  a  moderate  rate  with  in- 
crease in  distance.  At  higher  candle- 
powers  and  higher  intrinsic  brilhancy, 
the  glare  effect  decreases  more  slowly 
with  increase  in  distance  ;  until  finally, 
at  400  c.-p.  and  an  intrinsic  brilliancy 
of  8,  there  is  no  measurable  decrease 
in  glare  effect  with  increase  in  distance 
within  the  limits  investigated. 

Connexion  between  Glare  and 
Intensity. 

Fig.  9,  derived  from  the  same  test 
data,  expresses  the  relation  between 
glare  effect  and  candle-power  (or,  as 
it  may  be  instead,  between  glare  effect 
and  intrinsic  brilliancy).  These 
curves  are  especially  significant.  It 
will  be  seen  that,  for  all  ordinary  dis- 
tances, the  presence  of  a  light  source  of 
even  a  very  low  ca^dle-power  in. the. 
centre  of  the  field  of  vision  causes  a 
tremendous  drop  in  visual  efficiency. 
It  will  also  be  noted  that  at  300  c.-p. 
the  glare  effect  has  nearly  reached  its 
maximum,  and  that  beyond  300  c  -p.  a 
large  increase  in  candle-power  produces 
but  a  small  decrease  in  visual  efficiency. 
Finally  one  should  not  fail  to  observe 
that  at  any  given  candle-power  a 
considerable  increase  in  distance  pro- 
duces only  a  small  decrease  in  glare 
effect. 

Connexion  between  Glare  and 
Angular  Position. 

The  relation  between  glare  effect  and 
the  angular  position  of  the  fight  source 
in  the  field  of  vision  was  determined 
by  a  series  of  tests  similar  in  general 
method  to  the  tests  already  described. 
The  amount  of  illumination  required 


to  see  the  test  object  when  the  light 
source  was  in  the  angular  position  was 
compared  with  the  amount  required 
when  the  light  source  was  in  the  centre 
of  the  field  of  vision.  The  results 
obtained  are  shown  in  Fig.  10.  The 
ordinates  here  express  the  intensity 
of  illumination  required  with  the  fight 
source  in  the  centre  of  the  field  of  vision 
as  measured  in  terms  of  the  required 
intensity  with  the  light  source  in  the 
indicated  angular  position.  This  basis 
of  plotting  was  chosen  because  of  its 
convenience  in  enabling  the  curves  of 
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 Fig.  9. 

Relation  between  Glare  Effect  and  Candle-Power. 
Curve  A  =  100  feet. 
„     B=  80foet. 
„     C  =  60  feet. 
„    D=  10  feet. 

Figs.  8  and  10  to  be  combined,  thus 
giving  the  net  glare  effect  for  any 
desired  angle  and  distance.  The  abscissae 
in  Fig.  10  represent  the  angles  which 
the  fine  from  the  fight  source  to  the 
eye  makes  with  the  line  of  vision. 

The  curves  of  Fig.  10  express  a  fact 
of  the  very  highest  importance  in  the 
study  of  glare,  namely,  that,  at  an 
angle  varying,  depending  on  the  candle- 
power  (intrinsic  brilliancy  ?),  between 
approximately  22  degrees  and  approxi- 
mately 26  degrees  the  glare  effect 
reaches  zero,  although  the  fight  source 
is  stiU  well  within  the  field  of  \  ision. 
This  would  seem  to  indicate  that  on  its 
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physiological  side,  glare  effect  is  a  local 
retinal  disturbance  which,  when  suffi- 
ciently separated  on  the  retina  from 
the  disturbance  produced  by  the  visual- 
ized object,  does  not  extend  to  or  affect 
the  latter  area  of  disturbance.  This 
apparent  fact  seems  to  hold  true  even 
when  a  considerable  time  factor  is 
introduced.  Apparently  pupillary  con- 
traction acts  merely  as  a  function  pro- 
tecting, within  its  very  limited  capacity, 
from  a  glare  effect  more  or  less  suffused 
over  the  whole  retina.  The  writer  has 
previously  believed  that  pupillary  con- 
traction was  in  itself  a  cause  of  de- 
creased visual  efficiency  in  that,  on 
account  of  pupillary  contraction,  a 


comes  entirely  from  the  polar  angles 
above  60  degrees.  In  the  average 
actual  case,  glare  is  almost  wholly 
caused  by  the  light  between  the  angles 
of  65  degrees  and  80  degrees  with  the 
nadir.  The  hght  within  these  angles 
must  be  partially  or  wholly  suppressed, 
as  the  further  facts  of  the  case  shall 
show  to  l)e  required,  if  glare  is  to  be 
avoided. 

Fig.  11,  derived  from  Figs.  8  and  10, 
gives  the  curves  of  zero  glare  effect 
for  various  mounting  heights.  Com- 
paring these  curves  with  the  curves  of 
ideal  distribution,  we  see  at  once  that 
curves  with  a  large  value  of  M 
will  be  ehminated  on  account  of  the 
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Fig.  10.— Kelation  between  Glare  Effect  and  Angular  Position  of  Light  Source. 
Curve  A  =400   Candle  power, 
„     B  =  200 
„     C  =  100 
„     D=  50 
„     E=  12-5  „ 
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lesser  amount  of  hght  would  be  ad- 
mitted to  the  retina  from  the  visualized 
object.  He  now  believes  that  pupillary 
contraction  should  be  regarded  as  a 
purely  protective  function  and  not, 
through  its  operation,  in  any  sense 
itself  a  cause  of  decreased  visual 
efficiency. 

Practical  Avoidance  of  Glare. 

The  practical  importance  attaching 
to  these  facts  is  of  no  less  vital  interest 
than  the  scientific,  Fig.  10  means  that 
the  hght  instrumental  in  causing  glare 


serious  glare  effect  which  would  result 
from  the  application  of  such  distribu- 
tions to  actual  practice.  The  curve 
ilf=4,  however,  comes  within  the 
hmitations  imposed  by  the  curve  of 
zero  glare  effect,  providing  the  scale 
of  the  Jf=4  curve  does  not  exceed 
that  amount  which  would  make  the 
zero -degree  candle-power  equal  to  100 
c.-p. 

Light  must  not  Strike  the  Eye  at 
Angles  greater  than  60°  to  Vertical. 

Reference  to  Fig.  11  shows  that  for 
all  practical  purposes,  60  degrees  is 
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an  absolute  limit  for  maximum'^candle- 
power  if  serious  glare  effect  is  to  be 
avoided.  It  will  also  be  observed  that 
an  increase  in  mounting  height,  while 
it  does  not  change  the  limiting  angle  for 
maximum  candle-power,  does  con- 
siderably lighten  the  severity  of  the 
limitations  at  65  degrees  and  above. 
Mounting  heights  of  the  larger  values, 
when  made  possible  bj^  actual  conditions, 
are  also  desirable  as  permitting  wider 
separation  of  units  with  resultant 
decreased  installation  and  maintenance 
cost. 

Per  mounting  heights  of  15  ft.  or 
less,  the  curve  M—4:  will  produce 


values  be  exceeded.  With  an  ideal 
curve  of  such  candle-power  magnitude 
as  would  be  most  useful,  the  candle- 
power  values  at  the  angles  under  con- 
sideration come  perilously  near  to  the 
glare  limit,  or  may  even  exceed  the 
glare  hmit.  A  per  cent,  variation  from 
the  ideal  curve  of  four  to  one  is,  as  has 
been  pointed  out  (see  page  651),  per 
missible.  Even  a  moderate  condition 
of  glare,  on  the  other  hand,  is  very 
undesirable.  Practical  considerations, 
therefore,  will  lead  us,  in  the  design  of 
the  actual  unit,  to  intentionally  deviate 
from  the  M=A  curve  at  the  angles  of 
60  degrees  and  above,  this  deviation 
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Fig.  11.— Curves  of  Zero  Glare  Effect  for  various  mounting  heights. 
Curve  A  =27  feet  mounting  height. 
„     B  =  22  „ 

»     C  =  18    ,,         „  « 
D  =  15    „         „  M 


considerable  glare,  beyond,  indeed, 
what  proper  limitations  can  permit. 
lV)r  such  lesser  mounting  heights,  as 
h^s  already  been  pointed  out,  a  closer 
spacing  of  units  and  a  distribution 
corresponding  to  a  curve  M=--Z,  should 
be  used. 

In  designing  a  hght  unit  to  give  the 
desired  distribution  which  has  the  largest 
field  of  application,  namely  the  dis- 
tribution from  M=4:,  it  will  be  prefer- 
able by  far  that  the  candle-power 
values  at  60  degrees  and  above,  be  less 
than  those  made  proper  by  the  ideal 
curve,  rather  than  that  these  ideal 


being  in  the  direction  of  lesser  candle 
power  values. 

It  is  of  the  utmost  importance  to 
note  that  if  the  glare  hmit  is  exceeded 
at  all,  it  will  almost  of  necessity  be 
exceeded  excessively.  The  curve  of 
zero  glare-effect  runs  almost  instantly 
back  to  zero  near  the  angle  of  65  degrees. 
The  glare-effect  would  therefore  increase 
with  great  rapidity  as  an  angle  of 
65  degrees  was  exceeded,  even  in  the 
case  of  a  distribution  whose  curve 
approximated  to  one  of  the  circular 
co-ordinates.  The  curves  required  for 
uniform   illumination,    on   the  other 
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hand,  increase  with  great  rapidity  in 
candle-power  values  to  their  point  of 
turning.  It  is  obvious  that  the  curve 
of  zero  glare-effect  must  be  taken  as  a 
line  of  absolute  prohibition.  If  it  is 
to  be  exceeded  at  all,  it  may  as  well 
be  entirely  ignored.  For  an  apparently 
small  violation  of  the  limit  will  produce 
a  decrease  in  visual  efficiency  of  approx- 
imately the  same  order  of  magnitude 
as  the  maximum  possible  effect. 

It  is  also  of  great  importance  to  note 
that  the  curve  of  ideal  distribution  for 
M—4:,  remains  though  not  an  ideal, 
yet  none  the  less  the  best  possible  curve 
when  appHed  to  actual  conditions 
where  M  has  a  larger  value  than  4. 
The  curve  iff  =4  gives  the  best  spot- 
lighting effect  and  the  best  marker- 
effect  which  are  possible  without  engen- 
dering a  condition  of  glare.  This 
research  has  indicated  that,  for  ordinary 
mounting  heights,  moderate  glare  is  a 
mere  name  :  the  reality  is  always 
excessive  glare. 

Conclusions. 

It  is  the  opinion  of  the  writer, 
therefore,  that  glare  nmst  be  avoided, 
even  if  so  important  a  consideration 
as  proper  distribution  has  to  be 
sacrificed.  And  indeed,  as  has  been 
shown,  other  conditions  than  glare 
make  a  proper  distribution  impracti- 
cal or  even  impossible  with  the 
larger  values  of  M.  The  curve  if —4 
is  to  be  regarded,  therefore,  not  merely 
as  the  ideal  curve  for  a  certain  relatively 
close  spacing  of  light  units  which 
the  public  is  not  as  yet  educated  up  to, 
but  as  the  best  possible  distribution 
which  can  be  applied  to  any  of  our 
present-day  spacings. 

This  paper  is  not  presented,  there- 
fore, as  merely  expressing  an  ideal  to 
be  approximated  to  in  a  comparatively 
remote  future.  Rather,  it  should 
serve  as  a  guide  of  immediate  useful- 
ness and  apphcation  to  present-day 
practice.    And  yet,  as  the  writer  is  well 


aware,  before  such  application  has 
gained  any  great  headway,  there  must 
be  a  vast  amount  of  educational  work 
accomplished.  The  ordinary  citizen 
of  to-day  uses  in  his  ignorance  the  very 
defect  itself,  the  glaring  character  of  a 
street  illuminant,  as  a  measure  of  its 
excellence.  Such  ordinary  citizen 
would  consider  himself  defrauded  were 
he  called  upon  to  pay  through  his 
taxes  for  a  street  illumination  cha- 
racterized by  absence  of  glare,  by  light 
on  the  street  itself  and  not  in  the  eye. 

This  paper,  obviously,  is  not  ad- 
dressed to  the  ordinary  tax-payer.  It 
is  addressed,  through  the  medium  of 
your  honourable  body,  to  the  scientist, 
to  the  manufacturer  of  street  illu- 
minants,  to  the  central  station  super- 
intendent, to  the  educated  and  public- 
spirited  citizen.  Let  these  work 
shoulder  to  shoulder  in  the  education  of 
the  public  and  this  must  eventually 
become  a  reality  in  a  no  distant  future. 
And  the  rewards,  whether  commercial 
and  material  or  as  pride  in  a  useful 
service  accomplished,  will  come  first 
and  in  largest  measure  to  those  of  us 
who  join  in  the  work.  So  working 
shoulder  to  shoulder,  let  us  teach  the 
public,  teach  them  so  thoroughly  that 
it  becomes  a  popular  catch-word 
"  Light  on  the  object,  not  in  the  eye." 
Let  us  teach  them  that  this  "  Hght  on 
the  object,"  can  be  accomplished  only 
by  a  closer  spacing  of  Hght  units,  which 
will  mean  a  larger  increase  in  installa- 
tion cost,  though  but  a  small  increase 
in  operating  cost  :  that  light  "  not 
in  the  eye  "  means  of  necessity  absence 
of  glare  ;  so  that  the  excellence  of  a 
street  illumination  must  be  measured 
by  absence  of  glare,  rather  than  by  the 
presence  of  glare.  Thus  working  to- 
gether, in  our  own  time  shall  come 
the  day  when  our  streets  are  illu- 
minated by  night  as  beautifully,  and 
with  as  great  comfort  to  the  eye,  as 
the  open  country  road  lying  clear  in 
the  bright  moonlight. 
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The  Illuminating  Engineering  Society  is  not,  as  a  hody,  responsible  for  the  opinions 
expressed  by  individual  authors  or  speakers. 

Recent  Progress  in,  and  the  Present  Status  of  Gas  Lighting. 

(Proceedings  at  a  Meeting  of  the  Illuminating  Eneinoering  Society  held  in  the  House  of  the  Royal  Society 
of  Arts  (London),  on  Tuesday,  November  8th,  1910). 


The  opening  meeting  of  the  second 
session  of  the  Illuminating  Engineering 
Society  was  held  at  the  House  of  the 
Royal  Society  of  Arts,  on  Tuesday, 
November  8th,,  the  chair  being  taken 
by  the  President,  Prof.  S.  P.  Thompson, 
D.Sc,  F.R.S.,  who,  it  will  be  recalled, 
at  the  earnest  desire  of  the  Council  of 
the  Society  had  kindly  consented,  at 
the  Annual  General  Meeting,  to  con- 
tinue in  office  for  a  second  year. 

There  was  an  excellent  attendance, 
many  prominent  members  of  the  gas 
industry  being  present,  and  par- 
ticipating in  the  proceedings. 

The  minutes  of  the  Annual  General 
Meeting  having  been  taken  as  read, 
the  President  remarked  that,  this  being 
the  opening  meeting  of  the  second 
session,  it  had  been  thought  well  to 
.begin  right  off  with  the  ordinary  busi- 
ness of  the  Society.  Last  year  gene- 
ralities were  dealt  with,  but  it  was 
hoped  during  the  present  session  to  be 
a  little  more  specific,  and  to  devote 
particular  evenings  to  special  subjects. 
They  were  fortunate  in  being  able  to 
open  the  session  with  a  paper  by  Mr. 
Goodenough  which  would  introduce 
questions  that  were  of  burning  interest 
in  the  most  literal  sense  of  the  word, 
in  the  gas  industry.  At  other  meetings 
they  would  discuss  the  equally  burning 
questions  that  were  agitating  the  minds 
of  electrical  engineers,  and  would  deal 
with  other  parts  of  the  subject  of  illu- 
mination. The  Council  had  arranged 
for  a  discussion  on  the  hghting  of 
libraries,  and  it  was  intended  to  follow 


that  up  with  meetings  devoted  to  other 
particular  branches  of  hghting.  As 
far  as  the  Council  could  see,  every- 
thing tended  to  the  session  being  as 
active  and  as  interesting  as  the  previous 
initial  one. 

The  President  then  proceeded  to 
explain  that  during  the  Vacation  the 
Hon.  Secretary  had  been  acting  as  the 
representative  of  the  Society,  and, 
among  other  matters,  he  and  Mr.  J. 
Eck  had  been  present  as  official 
delegates  of  the  Society  at  a  very  im- 
porte.nt  congress  held  in  Brussels. 

He  now  proposed,  therefore,  to  ask 
Mr.  G aster  to  present  a  brief  report  of 
what  the  Society  had  been  doing  in  the 
person  of  its  representative  since  the 
last  meeting. 

The  Hon.  Secretary  said  that  the 
congress  referred  to  by  the  President  was 
the  Second  International  Congress 
ON  Industrial  Hygiene  held  in  Brussels 
under  the  auspices  of  the  Belgian 
Government  during  September  of  this 
year.*  This  was  the  first  time  that 
the  subject  of  illumination  in  its 
hygienic  aspect  had  ever  been  con- 
sidered by  a  congress  of  this  nature. 
There  were  over  600  delegates,  most  of 
them  being  official  representatives  of 
different  Governments,  and  he  was 
glad  to  say  that  the  Home  Office  and 
British  authorities  had  been  very  well 
represented.  Over  110  papers  were 
read,  of  which  more  than  20  per  cent 
emanated    from    this    country.  The 

*  Illnm.  Eng.,  Lond.,  October,  1910,  p.  599. 
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Society  having  been  invited  to  be 
officially  represented,  four  delegates 
were  appointed,  viz.,  the  President, 
Mr.  Eck,  Mr.  Wallis- Jones,  and  himself. 
Unfortunately  the  President  and  Mr. 
WalUs -Jones  were  unable  to  attend,  but 
Mr.  Eck  and  himself  were  present. 
The  importance  of  good  illumination 
for  industrial  processes  had  been  tho- 
roughly appreciated  and  he  had  had  the 
privilege  of  reading  a  paper  on  the 
hygienic  aspects  of  lighting  which  set 
forth  the  aims  of  the  Society  in  this 
direction;  this  would  be  pubhshed 
in  the  Transactions  of  the  Congress. 

The  various  delegates,  while  not 
seeing  their  way  to  recommend  imme- 
diate legislation,  had  all  agreed  that 
illumination  ought  to  be  regarded  in 
the  future  as  an  essential  feature  of 
the  matters  deserving  the  attention  of 
Governmental  authorities,  just  as  venti- 
lation and  the  provision  of  good  air  in 
factories  were  now  recognized  to  be. 
It  was  also  agreed  that  in  order  to  avoid 
accidents  as  far  as  possible,  the  condi- 
tions of  illumination  requisite  for  the 
safeguarding  of  dangerous  machinery 
should  be  investigated  and  defined. 
This  was  the  spirit  in  which  illumina- 
tion was  discussed  at  the  Congress,  and 
it  was  gratifying  to  find  that  in  future 
it  would  be  dealt  with  again  and  that 
information  would  be  accumulated  with 
a  view  to  ultimate  international  action. 

The  President,  after  thanking  the 
Hon.  Secretary  for  his  report,  called 
upon  him  to  read  the  names  of  those 
proposed  for  membership,  and  also  of 
applicants  who  would  now  be  formally 
declared  Members  of  the  Society.  (A 
list  of  these  names  will  be  found  on 
the  opposite  page). 

The  Hon.  Secretary  in  doing  so, 
alluded  to  the  fact  that  his  visit  to 
Brussels  had  been  instrumental  in 
inducing  Dr.  Moeller,  the  distinguished 
President  of  the  Congress  mentioned, 
to  consent  to  become  one  of  the 
Honorary  Members  of  the  Society  for 
the  next  session — a  gratifying  recog- 
nition of  the  status  of  the  Society. 
He  was  also  pleased  to  announce  that 
Prof.  J.  P.  Langlois  and  Dr.  L.  Carozzi, 
who  took  a  prominent  part  in  the 
proceedings    at   the   Congress,  and 


also  Dr.  A.  Broca,  had  promised 
to  become  corresponding  members 
and  that  Prof.  W.  E.  Wedding,  the 

well-known  authority  of  fighting  in 
Berlin,  had  accepted  to  act  as  a  Vice- 
President. 

The  President  then  called  upon 
Mr.  F.  W.  Goodenough  to  read  a  paper 
on  Recent  Advances  in,  and  the 
Present  Status  of  Gas  Lighting,  and 
an  interesting  discussion  followed  in 
which  Mr.  C.  Carpenter,  Mr.  C.  W. 
Hastings,  Mr.  W.  H.  Y.  Webber, 
Dr.  R.  Lessirig,  Mr.  W.  J.  A.  Butter- 
field,  Mr.  S.  E.  Doane  (who  referred 
to  the  good  work  done  by  the  Illu- 
minating Engineering  Society  in  the 
United  States,  and  expressed  his  good 
•wishes  for  the  prosperity  of  the  sister 
society  in  Great  Britain),  Mr.  S.  E. 
Thornton,  Mr.  A.  E.  Broadberry,  Mr. 
R.  W.  Edwards  and  Mr.  J.  H.  A. 
Baugh  took  part. 

Mr.  Goodenough  repUed  and  the 
President  subsequently  called  upon 
the  meeting  to  accord  him  a  very 
hearty  vote  of  thanks  for  his  paper, 
which  was  given  with  acclamation. 
This  paper,  and  the  discussion  which 
followed  will  be  found  in  extenso  on 
pages  715-731. 

Subsequently  the  President  men- 
tioned that  a  series  of  queries  relating 
to  recent  advances  in  gas  lighting 
had  been  prepared  by  the  Hon.  Secre- 
tary, and  submitted  to  various  autho- 
rities, communications  from  two  of 
whom,  Mr.  Geo.  Keith  and  Mons.  P. 
Lauriol  (Paris)  had  already  been 
received.  These  two  contributions 
were  dealt  with  in  abstract  by  the 
President,  and  are  reproduced,  with 
other  contributions  since  received,  on 
pages  733-738. 

In  conclusion  the  President  an- 
nounced that  the  next  meeting  of  the 
Society  would  take  place  in  the  same 
room  on  Friday,  December  9th,  when 
a  paper  entitled  Recent  Progress 
IN  Electric  Lighting  would  be 
dehvered  by  Prof.  E.  W.  Marchant. 

The  meeting  then  terminated,  and 
most  of  those  present  adjourned  to  the 
library  where  tea  and  coffee  were 
provided. 
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ELECTION  OF  NEW  MEMBERS  OF   THE  SOCIETY. 

At  the  meeting  of  the  Illuminating  Engineering  Society,  held  at  the  house  of  the 
Royal  Society  of  Arts  on  November  8th,  1910,  the  names  of  the  following  applicants 
for  membership,  as  read  out  at  the  previous  meeting  on  May  23rd,  were  formally 
approved,  and  these  gentlemen  were  declared  Members  of  the  Illuminating  Engineering 
Society  : — 

Manager  of  the  United  Gas  Improvement  Co.,  Photo- 
metrical  Laboratory,  Philadelphia,  U.S.A. 
Instructor  of  Physics,  Cornell  University,   108,  Linden 
Avenue,  Ithaca,  N.Y.,  U.S.A. 
Thornton,  S.  E.  Chairman  of  Messrs.  W.  Sugg  &  Co.,  Sanctuary  House, 

A.M.I.C.E.  Tothill  Street,  London,  S.W. 

Weekes,  R.  W.  Consulting   Engineer,   Maxwell   House,   Arundel  Street, 

M.I.E.E.  Strand,  London,  W.C. 

Corresponding  Member  : — 
Besso,  A  Consulting    Elec.    Engineer,    15,  Schwarzenburgstrasse* 

Bern,  Switzerland. 


Bond,  C.  O. 
Richtmyer,  Prof.  F.  K, 


NEW  APPLICANTS  FOR  MEMBERSHIP. 

In  addition  the  names  of  the  following  gentlemen  have  been  duly  submitted  and 
approved  by  the  Council,  and  were  read  out  by  the  Hon.  Secretary  at  the  meeting  of 
the  Society  on  November  8th  : — 

Honorary  Merrier  : — 

Dr.  A.  Moeller  President  of  the  Academie  Roy  ale  de  Medicine,  Member  of 

the  Commission  des  Accidents  du  Travail,  President 
of  the  Congres  International  des  Maladies  Profes- 
sonelles,  Brussels,  1910,  1,  Rue  Montoyer,  Brussels. 

Vice-President  : — 

Prof.  Dr.  W,  Wedding        Professor  at  the  Technische  Hochschule  Charlottenburg, 

Gross  Lichterfelde,  Wilhelmstrasse  2,  Berlin. 

Corresponding  Members  : — 
Bohm,  Dr.  R.  C. 
Broca,  Dr.  A. 
Carozzi,  Dr.  L. 


Langlois,  Prof.  J.  P. 

Members  : — 
Chapman,  W.  P. 

Coote,  E, 

Cunnington,  A, 
Doane,  S.  E, 

Gutmann,  W. 
Hawkins,  F.  J, 
Higgins,  G. 
Howe,  Prof.  G.  W.  O. 


Howell,  J, 

Hunter,  W.  G. 
Mather,  Prof.  T. 
F.R.S. 


12,  Meinekestrasse,  Berlin  W.  15. 

Agrege  de  la  Faculte  de  Medicine,  7,  cite  Vaneau,  Paris. 
Doctor  of  Medicine  at  the  Instituti  Clinici  di  Perfeziona- 

mento,  Corso  San  Celso,  6,  Milan. 
Professeur  Agrege  a  la  Faculte  de  Medicine,  155,  Boulevard 
St.  Germain,  Paris. 


Lighting  Expert  and  Salesman  to  the  Holophane  Co.,  36, 
West  39th  Street,  New  York. 

Manager,  Lamp  Sales  Dept.,  British  Thomson-Houston  Co., 
83,  Cannon  Street,  London,  E.C. 

13,  The  Chase,  Clapham  Common,  London,  S.W. 

Electrical  Engineer  of  the  National  Electric  Lamp  Associa- 
tion, Ohio,  U.S.A. 

Lighting  Contractor,  109,  Finchley  Road,  London,  N.W. 

Lamp  Dept.,  British  Thomson-Houston  Co.,  Rugby. 

East  Rand  Proprietary  Mines,  Johannesburg. 

Asst.  Prof,  of  Electrical  Engineering  at  the  Central  Technical 
College,  Exhibition  Road,  South  Kensington,  London, 
S.W. 

Chief  Engineer,  Lamp  Dept.,  British  Thomson-Houston  Co., 
Rugby. 

Lamp  Works,  British  Thomson-Houston  Co.,  Rugby. 
Prof,  of  Electrical  Engineering  at  the  Central  Technical 

College,  Exhibition  Road,  South  Kensington,  London, 

S.W. 
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Reiter,  Dr.  C. 

Sparborg,  H.  N. 
Watkins,  S.  S.  A. 


Willcox,  F.  W. 
Wilson,  D.  R. 


Chief  Chemist  of  the  Imperial  Lamp  Works,  17,  Osborne 

Road,  Brimsdown,  Middlesex. 
Chief  Engineer,  British  Thomson-Houston  Co.,  Rugby. 
Demonstrator  in  Optics  and  Electrical  Engineering  at  the 

Central  Technical  College,  Exhibition  Road,  London, 

S.W. 

Inct.  Lamp,  Sales  Dept.,  General  Electric  Co.,  Hahrison, 
N.J.,  U.S.A. 

H.M.   Inspector  of  Factories,  Home  Office,  Whitehall, 
London,  S.W. 


CHANGES  OF  ADDRESS,  &c 

Barkham,  H.  C.        Electrical    Engineer,    The    Gables,    Jaffray  Road, 

Erdington,  Birmingham. 
Beeton,  H.  R.  Chairman  of  the   Brompton  Electricity  Co.,  254, 

Earl's  CoLirt  Road,  S.W. 
Beutell,  A.  W.  Electrical  Engineer,  2,  Voss  Court,  Streatham  Common 

A.M.I.E.E.  South,  London,  S.W. 

Briggs,  A.  S.  Assistant  in  the  Gilbert  Arc    Lamp  Co.,  Chingford, 

27,  Bedford  Road,  Walthamstow. 
M.C.  Cox,  F.  J.  Consulting  Engineer  to  the  Machine  Gas,  Ltd.,  Wels- 

M.I.M.E.  bach  House,  Gray's  Inn  Road,  London,  W.C. 

M.C.  Herring,  W.  R.         Palace  Chambers,  Bridge  Street,  Westminster,  Lon- 

M.I.C.E.  DON,  S.W. 

CM,  Lauriol,  P.  Chief  Engineer  of  thi  Lighting  Department  of  the 

City  of  Paris,  37,  Avenue  Elisee  Reclus,  Paris. 
I:.C.  Parsons,  Dr.  J.  H.    Ophthalmic  Surgeon,  Lectm-er  at  University  College, 

&c.,  54,  Queen  Anne's  Street,  Cavendish  Square, 
London,  W.  .  . 

Op  ician,  2,  Vere  Street,  Cavendish  Square,  London,  W. 
Manager  of  the  General  Electric  Co.,  Carbon  Works, 
Witton,    Birmingham,    Bradley,    Grange  Lane, 
Erdington,  Birmingham. 
46,  M^oodland  Gardens,  Muswell  Hill,  London,  N. 
57,  Haselrigge  Road,  Clapham,  London,  S.W. 
Chairman  of  Messrs.  W.  Sugg  &  Co.,  Sanctuary  House, 
Tothill  Street,  Westminster,  London,  S.W. 


Parsons,  Dr.  J.  H. 
F.R.C.S. 

Reiner,  J.  B. 
Solomon,  M. 
A.M.I.E.E. 

Strangways,  G. 
Thomson,  T.  G. 
Thornton,  S.  E. 


Official  Notice  of  the  Next  iVIeeting. 


The  next  meeting  of  the  Illuminating  Engineering  Society  will  be  held  at 
the  House  of  the  Royal  Society  of  Arts  (John  Street,  Adelphi,  London,  W.)  on 
December  9th,  1910,  at  8  p.m.,  when  a  paper  entitled  '  Recent  Progress  in 
Electric  Lighting'  will  he  delivered  by  Prof.  E.  W.  Marchant,  DSc. 

The  President,  Prof.  S.  P.  Thompson,  D  Sc,  F.R.S.  will  be  in  the  Chair. 
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Recent  Progress  in,  and  the  Present  Status  of  Gas  Lighting. 

By  F.  W.  Goodenough,   Mem.  Inst.  Gas  Engineers. 

(Paper  reai  it  a  meeting  of  the  IllltmtU;ltilig  ® ItgillCCriug  c^Clcictl),  [Pounded  in  London,  1909], 
held  at  the  Hou^ie  of  the  Koyal  Society  of  Arts.  John  Street,  Adelphi,  London,  on  Tuesday,  November  8tb, 

1910,  at  8  P.M.). 


The  object  of  this  paper,  as  I  under- 
stand it,  is  to  put  before  those  respon- 
sible for,  or  interested  in  the  illumina- 
tion of  premises  or  thoroughfares 
information  respecting  recent  develop- 
ments and  the  present  possibilities  of 
gas  lighting,  so  that,  should  that 
illuminant  be  selected  for  any  installa- 
tion, the  greatest  efficiency  may  be 
secured  and  maintained  at  the  least 
cost. 

This  is  not  the  occasion,  nor  is  the 
platform  of  this  Society  the  place,  for 
any  discussion  of  the  relative  costs  or, 
merits  of  rival  illuminants.  That  is  a 
battle  which  must  be,  as  it  is  being, 
fought  out  in  the  less  peaceful 
atmosphere  of  the  commercial  world  ; 
and,  whilst  not  averse  from  taking  a 
modest  share  in  the  combat  when 
occasion  serves,  I  hope  that  I  shall  now 
and  at  all  times  succeed  in  keeping  any- 
thing I  may  say  at  a  meeting  of  this 
Society — which  stands  or  falls  by  its 
power  to  avoid  commercial  as  opposed 
to  scientijfic  controversies — free  from 
offence  to  my  good  friends  who  are 
interested  in  other  illuminants.  It 
appears  to  me  to  be  one,  and  not  the 
least,  of  the  advantages  of  this  Society 
that  it  forms  a  meeting-place  where 
those  who  in  commercial  life  are  com- 
batants can  meet  together  for  the  inter- 
change of  ideas  upon  subjects  of 
common  interest,  and  discover  perhaps 
that  the  others  are  not  such  terrible 
fellows  after  all. 

It  is,  I  think,  a  matter  of  congratula- 
tion that  in  this  country  the  great 
majority  of  those  who  most  strenu- 
ously oppose  one  another  in  business 
or  in  polr^cs  have  the  gift  of  main- 
taining personal  friendships  in  private 
life  ov  on  neutral  srround.    Loner  may 


this  Society  be  a  standing  evidence  to 
that  effect.  The  preparation  of  this 
paper  has  presented  more  than  one 
difficulty,  as  not  only  was  it  essential 
that  its  matter  should  not  verge  upon 
the  commercially  contentious  as  between 
rival  illuminants,  but  it  was  also,  I  felt, 
essential  that  it  should  not  become  the 
vehicle  for  the  advertisement  of  any 
particular  make  or  makes  of  lamps  or 
burners  or  mantles  to  the  disadvantage 
of  others. 

This  Society,  being  one  for  the  dis- 
cussion of  general  principles  governing 
the  use  and  application  of  illuminants, 
cannot  concern  itself  with,  or  allow 
itself  to  be  exploited  in  the  interests  of, 
manufacturers  competing  with  each 
other  for  the  favour  of  illuminating 
engineers  and  their  clients. 

For  that  reason,  which  will  I  am  con- 
fident commend  itself  to  the  members 
as  a  whole,  1  came  reluctantly  to  the 
conclusion  that  it  was  only  possible  to 
deal  with  my  subject  on  the  most 
general  lines  ;  and  that  it  was  im- 
possible to  have  the  paper  illustrated 
by  samples  of  various  lamps,  burners, 
&c.,  unless  a  large  building  was  secured 
and  a  general  and  open  exhibition  of  gas 
appliances  were  arranged.  Even  then 
the  exhibition  could  have  little  value  for 
illuminating  engineers,  unless  every 
exhibit  could  be  submitted  to  an  im- 
partial committee  of  experts  to  test 
and  adjudicate  upon  the  claims  of 
efficiency  made  on  their  behalf.  If 
that  were  possible,  it  would  be  very 
valuable  indeed  to  all  parties,  but  it  is 
a  proposition  of  no  little  magnitude  and 
out  of  the  question  at  the  present 
moment. 

I  offer  this  explanation  as  an  apology 
in  advance  for  the  meagreness,  and  I 
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am  afraid  the  very  dull  and  uninterest- 
ing character,  of  my  paper,  which  is 
confined  strictly  to  general  terms. 
A  consideration  of  the  recent  history 
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Diagram  I, 

Characteristic  Curves  of  Upright  and  Inverted 
Low-Pressure  Gas  Burners. 

and  the  present  position  of  the  science 
of  lighting  by  coal  gas  necessarily 
centres  itseK  upon  the  inverted  incan- 
descent burner  ;  whether  one  is  con- 

kJi  -«-» 


under  special  pressure  of,  say,  6  in. 
head  of  mercury,  which  is  becoming 
very  general,  especially  of  late,  for  the 
exterior  lighting  of  rows  of  shops.  In 
such  cases  the  gas  at  increased  pressure 
is  supplied  from  a  common  centre  and 
charged  for  on  the  basis  of  estimated 
consumption  for  a  predetermined 
number  of  hours  per  annum  (arrived  at 
from  an  agreed  time-table  for  lighting 
and  extinguishing)  plus  maintenance 
charges  and  working  costs.  This  co- 
operative system  of  hghting  has  been 
widely  adopted  in  the  United  States, 


Diagram  II. 

Characteristic  Curves  of  Upright  and  Inverted 
High-Pressure  Gas  Burners. 

sidering  the  utihzation  of  gas  at  the 
ordinary  district  pressure  of,  say, 
3  in.  head  of  water,  or  the  use  of  gas 


Alteration  to  Curve  obtained  from  an  Inverted 
Burner  by  fitting  a  Reflector  to  Concentrate 
Light  on  Office  Desks. 

and  there  is  undoubtedly  a  large 
opening  for  it  in  this  country.  It  will 
certainly  improve  the  appearance  of 
the  streets  in  which  it  is  adopted,  as  the 
striking  lack  of  uniformity  in — the 
enormous  difference  between  —  the 
power  and  character  of  the  hghts  em- 
ployed by  the  various  shops  in  our 
streets  at  the  present  time  detracts 
very  largely  from  the  general  effect. 
A  street  lighted  brilliantly  throughout 
on  a  definite  plan  by  the  shopkeepers 
would,  1  believe,  be  very  attractive 
to  those  whom  shopkeepers  desire 
to  attract. 
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It  is  of  interest  to  note  that  the  burner  nearly  three-fold,  namely,  from 

inversion  of  the  burner  has  been  the  2J  c.-p.  per  cubic  foot  in  the  ordinary 

means  of  increasing  the  light  obtained  batswing  burner,  or  3|  c.-p.  per  cubic 

per  cubic  foot  of  consumption  in  both  foot  in  the  Argand  burner,  to  8  or 

of  the  two  distinct  eras  of  gas  lighting —  9  c.-p.  per  cubic  foot  in  the  Wenham 


the  era  of  the  directly-luminous  and  lamp.  The  result  was,  of  course,  due 
that  of  the  Bunsen,  or  indirectly-  to  the  heating  of  the  gas  and  air  prior 
luminous,  burner.    The  inverted  burner    to  combustion. 

of  the  Siemens  or  Wenham  type  in-^^  Welsbach's  great  discovery  of  the 
creased  the  efficiency  of  the  luminous^ incandescent  mantle,  ^\'ith  its  ultimate 
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efficiency  in  the  supported — or,  as 
it  is  generally  called,  the  upright — 
form  of  from  20  to  40  c. -p.  per  cubic  foot, 
according  to  the  pressure  used,  neces- 
sarily eclipsed  the  inverted  luminous 
burner  ;  but  history  has  repeated 
itself  in  this  case  ;  the  inversion  of  the 
burner  has  brought  about  a  materially 
increased  efficiency,  and  the  inverted 
mantle  has  now  echpsed  the  fork- 
supported  type.  This  is  due  not  only 
to  the  higher  efficiency  of  the  former, 
but  also  (1)  to  its  lending  itself  to  the 
use  of  shadowless  lamps  ;  (2)  to  its 
capability  of  being  used  in  considerably 
smaller  units  of  light  (from  25  c.-p. 
upwards  instead  of  a  minimum  of 
50  c.-p.)  ;  (3)  to  its  consequently 
lending  itself  more  readily  to  artistic 
effect  in  illumination  ;   and  (4)  to  its 
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DiAGEAM  IV. 
Curve  obtained  by  Use  of  Pyramid  Reflector 
with  Inverted  Burner  for  giving  an  Intensified 
Light  on  Drawing  Table. 

further  capability  of  being  used  in 
larger  units  of  light,  any  power  up  to 
4,000  c.-p.  in  one  lamp  being  obtainable. 

The  latest  pattern  inverted  burners 
supplied  with  gas  at  the  ordinary 
district  pressure  of  3  in.  (water  gauge) 
give  an  efficiency  of  30  c.-p.  per  cubic 
foot  consumed ;  whilst  used  with  a 
pressure  of  about  90  in.  water  gauge 
(equal  to  about  6 J  in.  mercury  gauge) 
the  inverted  burner  gives  an  efficiency 
of  70  c.-p.  per  cubic  foot  consumed. 

These  higher  efficiencies  are  due  to  a 
higher  flame  temperature  being  ob- 
tained by  the  pre-heating  of  the  gas  and 
air,  which  after  admixture  descend  to 
the  point  of  ignition  through  a  tube 
surrounded  by  the  ascending  products 
of  combustion. 


The  figures  given  are  maximum 
candle-powers  averaged  between  the 
angles  of  10°  to  40°  below  the  hori- 
zontal, that  being,  in  my  view,  the 
direction  in  which  it  is  desirable  that 
maximum  illumination  should  be 
available  to  ensure  as  even  a  diffusion 
of  light  as  possible. 

With  the  light  emanating  from  a 
source  of  the  shape  of  an  inverted 
mantle,  w^hich  gives  direct  rays  in 
every  direction  except  immediately 
upwards,  and  which  is  not  obscured  in 
any  direction  below  the  horizontal, 
adequate  light  is  always  assured  in  the 
immediate  vicinity  of  the  burner  ;  and 
the  greater  the  distance  the  light 
has  to  travel  to  reach  the  object  to  be 
illuminated,  the  greater,  also,  the  initial 
power  of  the  far -travelling  rays  must 
be  in  order  to  produce  illumination 
approaching  in  efficacy  to  the  illu- 
mination of  objects  more  nearly  under 
the  source  of  light.  It  is  of  importance 
to  the  illuminating  engineer  that  the 
burner  he  uses  should  be  capable  of 
doing  its  best  work  in  the  direction  in 
which  most  light  is  wanted. 

At  the  same  time,  the  light  in  other 
useful  directions  must  be  propor- 
tionately adequate,  and  that  is  a 
valuable  characteristic  of  the  inverted 
mantle .  This  is  illustrated  by  diagrams 
I.  and  II.,  showing  the  characteristic 
lighting  curves  obtained  from  inverted 
burners  of  both  ordinary  and  high- 
pressure  types,  compared  with  those 
obtained  from  burners  of  the  upright 
pattern. 

Where  greater  concentration  of  hght 
in  any  particular  direction  is  essential 
for  specific  purposes — as,  for  example, 
for  the  lighting  of  shop  windows 
from  without,  or  of  drawing-boards, 
machines,  compositors'  frames,  and  the 
like,  from  above — this  can,  of  course, 
readily  be  obtained  by  means  of 
suitable  reflectors  ;  and  here  again  the 
inverted  burner  possesses  advantages 
over  the  older  type  owing  to  there 
being  no  obstruction  whatever  of  the 
downward  rays.  The  effect  of  imposing 
suitable  reflectors  for  downward  light- 
ing is  illustrated  by  diagrams  III.  and 
IV. 

The  advantage  of  the  light  from  an 
inverted  burner  being  entirely  free  from 
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obstruction  below  the  horizontal  from  cross  wires,  the  gas  being  con- 
enables  it  to  be  used  effectively  for  veyed  to  the  lamps  either  by  flexible 
street  lighting,  not  only  in  the  column-  metallic  tubing  or  barrel  with  flexible 
supported  lamp,  but  also  in  suspended  joints — enabling  the  lamps  to  be  drawn 
lamps,  whether  from  brackets  as  in  to  the  side  of  the^street  and  lowered  for 


Fleet  Street  (high-pressure)  and  the  purposes  of  maintenance — is  one  of  the 

eastern  end  of  Cheapside  (low-pressure)  latest  adaptations  of  gas  hghting  ni  this 

or  centrally  hung  from  cross  wires  as  in  country,  though  it  has  been  adopted  in 

the  eastern  end  of  Cannon  Street.  several  towns  in  Germany  for  some  time 

The  central  hanging  of  gas  lamps  past.    The   trial  installation  of  this 
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system  in  the  eastern  end  of  Cannon 
Street  (which  is  only  just  in  course  of 
completion)  will,  therefore,  be  of 
interest  to  those  who  favour  the  system 
of  lighting  streets  by  cross-suspended 
lamps — which  I  personally,  as  an 
illuminating  engineer,  regard  as  radi- 
cally unsound,  and,  as  a  humble  citizen, 
consider  an  unnecessary  aggravation 
of  the  already  too  frequent  disfigure- 
ment by  overhead  wires  of  the  at  all 
times  too  restricted  amount  of  sky 
vouchsafed  to  our  town-tired  eyes. 

The  application  of  the  inverted 
burner  to  the  more  usual  method  of 
street  lighting,  namely,  by  column- 
supported  lamps,  has  recently  been 
illustrated  on  a  considerable  scale  by 
the  substitution  of  inverted  burner 
lamps,  both  low  and  high-pressure,  for 
the  older  pattern  gas  lamps  in  portions 
of  the  City  of  Westminster.  Good 
examples  of  the  latest  high-pressure 
inverted  gas  lamps  will  be  found  in 
Victoria  Street — one  being  conveniently 
placed  opposite  the  offices  of  this 
Society — and  in  Parliament  Square  and 
Whitehall  ;  whilst  as  good  specimens 
of  street  lighting  by  low-pressure  in- 
verted lamps  I  might  mention  Great 
George  Street,  Ashley  Gardens,  Vaux- 
hall  Bridge  Road,  Kensington  Road 
from  Knightsbridge  to  Queen's  Gate, 
Prince  Consort  Road,  St.  James's 
Square,  and  Carlton  House  Terrace. 

Some  photographs,  taken  at  night 
by  the  light  of  the  lamps,  which  I  have 
had  reproduced,  illustrate  as  well  as 
such  photographs  can  the  even  diffusion 
of  light  obtained.  This  is  due  mainly 
to  the  fact  that  the  rays  of  highest 
power  are  those  at  an  angle  of  from 
10°  to  40°  below  the  horizontal,  but 
partly  also  to  the  fact  that  the  short- 
ness of  the  mantles,  and  the  height  (and 
distance  apart)  at  which  the  mantles 
are  placed  in  the  lamps,  ensure  that  one 
mantle  does  not  obscure  the  light  of 
another  in  any  useful  direction. 

It  may  be  observed  on  the  subject 
of  street  lighting  that  it  is  a  matter  of 
congratulation  to  the  honest  and 
res7)(icta})le  wayfarer  by  night  that  our 
local  authorities  are  becoming  more 
and  more  alive  to  the  imperative  need 
for  a  higher  standard  of  efficiency  in 
street  lighting  in  the  Metropolis,  which 


has  arisen  out  of  the  rapid  and  ever 
increasing  growth  of  fast  motor  traffic 
in  the  streets.  A  standard  of  illu- 
mination that  was  adequate  in  the  days 
of  horse-drawn  cabs  and  carriages  has 
been  rendered  insufficient  by  the 
multitude  of  swiftly-driven  "  taxis " 
and  private  cars  that  now  whirl  along 
our  streets  at  night,  and  which  must  be 
made  clearly  visible  at  a  distance  to  the 
pedestrian  if  the  crossing  of  a  street 
is  not  to  become  a  matter  not  only  of 
anxiety,  but  of  serious  peril.  Illu- 
minating engineers  who  have  influence 
with  local  authorities  may  do  good 
service  to  their  fellow  -  citizens  by 
laying  stress  upon  this  point. 

A  further  point  of  interest  to  mention 
in  connexion  with  recent  developments 
in  gas  lighting  for  streets  is  the  extend- 
ing use  of  automatic  appliances  for  the 
lighting  and  extinguishing  of  street 
lamps. 

^tMany  ingenious  forms  of  apparatus 
for  this  purpose  have  been  perfected 
and  put  into  practical  use  in  recent 
years.  The  first  to  be  mentioned  are 
those  which  work  by  means  of  a  clock- 
actuated  mechanism.  These  are  not 
suited  to  districts  where  the  irregular 
lighting  of  the  lamps  is  from  time  to 
time  necessitated  by  the  sudden  advent 
of  fog,  for  which  purpose  the  necessary 
staff  no  longer  exists  if  clock-work 
lighters  have  been  installed.  This  is 
a  point  that  needs  to  be  borne  in 
mind  by  any  Metropolitan  authority 
which  is  considering  the  adoption 
of  automatic  appliances  for  street 
lamp  lighting. 

This  objection  does  not  apply  to  the 
other  class  of  automatic  apparatus 
namely,  that  which  is  operated  by  an 
increase  of  gas  pressure  at  the  lamp, 
which  can  be  given  from  the  works 
when  required,  either  for  lighting  or 
extinguishing. 

There  are  several  forms  of  these 
pressure -operated  apparatus,  some  of 
which  are  best  suited  to  districts  having 
a  simple  system  of  distribution  from  a 
single  works,  but  which  do  not,  as 
other  appliances  do,  meet  the  peculiar 
conditions  of  undertakings  having  a 
complex  system  of  distribution  from 
a  number  of  works  supplying  a  common 
network  of  mains.     The  latest  form 
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that  is  being  tried  in  London  has  the 
pecuHarity  of  being  affected  by  sudden 
shght  rises  in  pressure  dehberately 
apphed  without  being  operated  by 
gradual  increases  such  as  occasionally 


register  hne  to  a  constant  reading  than 
in  former  years  is  one  of  the  modern 
developments  of  gas  supply. 

Automatic  methods  of  lighting  and 
extinguishing  can  also  be  readily  apphed 


take  place  after  hghting-up  time,  due  to 
variations  in  load  on  mains  that  are 
worked  to  their  full  capacity.  It  may 
be  remarked  in  passing  that  a  much 
closer  approximation  of  the  pressure- 


in  the  case  of  both  low  and  high- 
pressure  gas^'supphes  where  all  the 
lamps  to  be  lighted  are  on  a  common 
ser\'ice.  This,  of  course,  applies  either 
to  street  or  internal-  lighting. 
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In  the  case  of  high-pressure  installa- 
tions, the  act  of  starting  the  compressor 
mil  light  up  all  the  lamps  supphed  from 
it  b}^  the  higher  pressure  opening 
valves  which  remain  closed  at  ordinary 
pressures  ;  and  this  system  is  widely 
adopted.  At  the  Victoria  Station  of 
the  Brighton  Railway  the  platform 
lamps  are  controlled  in  alternate  series 
by  cocks  at  the  platform  ends,  so  that 
the  lighting  of  the  platforms  can  be 
increased,  diminished,  or  extinguished 
altogether  from  one  point. 

Pneumatically  operated  valves  on 
single  burners  to  enable  small  units 
of  hght  to  be  lighted  with  the  aid  of  a 
bye-pass  from  a  distant  point  have 
been  widely  adopted  in  recent  years  for 
both  domestic  and  other  indoor  lighting; 
whilst  electrically  operated  appliances 
which  light  as  well  as  turn  on  the  gas 
are  also  coming  into  use. 

A  further  advantage  attaching  to 
the  inverted  burner  is  that  the  life  of 
the  suspended  mantle  is  distinctly 
longer  than  in  the  case  of  the  supported 
mantle,  chiefly  by  reason  of  its  more 
compact  form. 

This  leads  to  the  consideration  of  a 
point  of  great  importance  to  the 
illuminating  engineer,  and  that  is  the 
question  of  the  maintenance  of  the 
mantles  in  an  installation  of  gas  burners. 
In  this  respect  the  gas  industry  has 
made  substantial  progress  in  recent 
years,  both  in  regard  to  the  quality  of 
the  mantles  obtainable — I  use  the  word 
advisedly,  as  distinct  from  obtained — 
and  with  respect  to  the  facilities  offered 
by  gas  undertakings  to  consumers  for 
the  periodical  inspection  and  cleaning 
of  their  burners  and  the  renewal  of 
mantles  when  necessary,  at  a  fixed 
e.nnual  or  quarterly  charge. 

This  periodical  attention  to  incan- 
descent burners  by  competent  men  is 
commended  to  illuminating  engineers 
and  thvAV  clients  on  several  grounds. 

First  and  foremost  of  these  is  that  a 
gas  company  is  in  a  position  to  ensure 
that  no  mantles  shall  be  used  other 
than  the  best  obtainable.  The  low- 
priced,  but  dear,  because  unsatisfactory, 
mantle  is  as  great  an  enemy  to  the 
gas  industry  as  the  low-priced  but  also 
low  efficiency  and  short-lived  lamp  is 
to  the  electrical  industry,  and  it  is  the 


business  of  all  concerned  in  either 
industry  to  do  everything  possible 
to  eliminate  the  undesirable. 

A  gas  company  can  and  should,  as 
many  do,  submit  samples  of  the 
mantles  sold  to  them  to  a  continuous 
and  severe  test,  and  ruthlessly  reject 
the  bulk  when  the  samples  fall  below  the 
highest  standard.  The  Gas  Light  and 
Coke  Company  take  hap-hazard  samples 
out  of  stock  every  week  and  submit 
them  to  photometric  tests  (continued  at 
intervals  over  a  period),  and  also  to 
shock-resisting  tests  on  a  machine 
devised  for  that  purpose  by  Messrs. 
Woodall  &  Moon.  They  do  not  issue 
any  specification  for  the  supply  of 
mantles,  it  being  a  matter  for  competi- 
tion amongst  the  manufacturers  to  pro- 
duce the  highest  combination  of  effi- 
ciency and  durability,  and  those  who 
succeed  secure  the  business,  and  retain 
it  so  long  as  they  keep  up  to  the 
standard  they  have  set,  and  no  longer. 

The  result  is,  therefore,  that  the 
consumer  who  places  his  lights  under  a 
maintenance  contract  with  the  Com- 
pany ensures  that  the  mantles  used  will 
give  him  the  best  hght  obtainable  for  the 
gas  consumed. 

A  further  result  is  that  the  burners 
will  be  freed  from  the  inevitable  accu- 
mulations of  dust  from  the  atmosphere  ; 
the  glassware  will  be  thoroughly 
cleaned  and  its  transparency  main- 
tained ;  and  new  mantles  will  be 
supphed — all  at  sufficiently  frequent 
intervals  to  ensure  the  maintenance 
of  a  constantly  good  light. 

Where  there  is  no  system  of  regular 
periodical  over-hauhng  by  men  trained 
in  the  work,  but  the  putting  of  a  light 
into  order  is  only  done  when  the 
patience  of  the  individual  using  it  has 
become  exhausted  and  his  dissatisfac- 
tion has  reached  the  stage  of  audible 
and  violent  expression  ;  and  where  the 
maintenance  work  is  done  by  that 
class  of  person  usually  described  as 
a  "  handy  man,"  for  the  reason, 
apparently,  that  he  is  never  at  hand 
when  wanted  and  is  handy  at  any- 
thing but  the  job  entrusted  to  him — 
in  these  cases,  and  they  are  still  too  fre- 
quent, the  consumer  deprives  himself 
of  a  percentage  of  the  light  obtain- 
able from  the  illuminant  purchased 
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and  "  economises  " — if  he  does  "  econo-  and  consequently  of  uneasiness  to  the 

mise  " — at  his  own  expense.  consumer. 

Another  advantage  incidental  to  a  A  further  advantage  of  the  contract 

maintenance  contract  is  the;'fact  that  system  is   that   both  the  consumer 

the    consumer   can   estimate   before-  and  the  suppher  know  whom  to  blame 


hand,  or  find  out  at  any  time,  Avith  and  censure  if  the  lighting  of  premises 

certainty,  his  cost  for  up-keep,  which  open  to  the  public  view  is  unsatis- 

otherwise,  except  in  business  houses  factory.    It  is  very  irritating  to  the 

where  costs  are  carefully  kept  and  supplier  of  any  illuminant  to  see  liis 

closely  analyzed,  is  a  matter  of  doubt  commodity    laid     open     to  adverse 
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criticism  through  its  mis -use  by  the 
buyer,  and  to  be  impotent  to  effect 
an  improvement  because  the  consumer 
is.  satisfied  to  let  things  remain  as  they 
are. 

I  am  confident  that  no  suppHer  of 
illuminant  can  afford,  nor  ought  he  to  be 
content,  simply  to  supply  the  com- 
modity and  leave  the  consumer  to  work 
his  will  with  it,  unadvised  or  un- 
assisted ;  and  I  feel  that  illuminating 
engineers  can  do  good  service  both 
to  the  users  and  the  suppliers  of  illu- 
minants  by  advising  their  clients  to 
entrust  the  upkeep  of  their  installa- 
tions to  those  who  have  the  next 
greatest  interest  in  their  efficient 
maintenance. 

I  have  spoken  of  new  mantles  being 
supphed  at  sufficiently  frequent  inter- 
vals to  ensure  the  maintenance  of  a 
constantly  good  light.  The  question 
may  be  asked  :  What  should  be  the 
frequency  of  those  intervals,  and  how 
is  one  to  determine  when  a  mantle 
requires  renewal  because  of  loss  of  power 
as  distinct  from  obvious  damage  ? 

This  is  a  question  the  answer  to  which 
cannot  be  precise,  because  everything 
depends  upon  the  local  conditions 
under  which  the  mantle  is  used.  It 
may,  however,  be  stated  as  a  general 
proposition,  founded  upon  a  large 
series  of  tests,  that  if  the  burner 
receives  such  periodical  attention  as 
it  would  from  an  ordinary  qualified 
maintenance  fitter,  a  mantle  that  would 
pass  a  gas  company's  tests  (such  as  I 
have  mentioned)  will  not  sensibly 
diminish  in  candle-power  in  500  hours, 
and  will  not  lose  more  than  10  per  cent 
in  1,000  hours  of  burning.  The  average 
of  some  tests  made  some  time  ago  of 
vertical  mantles,  tested  on  the  hori- 
zontal, shows  a  drop  of  7  per  cent., 
namely,  from  20  to  18.6  c.-p.  per 
cubic  foot,  after  806  hours  of  burning. 
The  depreciation  I  have  referred  to  is, 
of  course,  apart  from  the  question  of 
damage  due  to  vibration  or  other 
external  cause,  to  which,  however, 
mantles  are  not  now  nearly  as  sensitive 
as  formerly,  especially  when  used, 
as  tlujy  now  are  used  to  a  considerables 
extent  in  Lond(m  and  on  the  Continerjt, 
for  contract  maintenance  work  without 
having  been  collodionised,  i.e.,  without 


having  been  dipped  in  a  solution  of 
collodion  to  enable  them  to  be  more 
readily  handled  before  use,  the  coating 
of  collodion  being  flared  off  when  the 
mantle  is  fitted  on  the  burner.  The 
omission  of  this  process  reduces  the 
cost  and  prolongs  the  life  and  lighting 
power  of  a  mantle. 

In  actual  practice,  the  efficient  life 
of  a  mantle  on  a  burner  properly  main- 
tained averages  from  500  to  600  light- 
ing hours  in  public  lamps.  The  best 
on  record "  that  I  know  of  was  a 
mantle  that  gave  a  good  light  in  a  lamp 
in  St.  James's  Park  for  two  years — 
say  8,000  lighting  hours — and  became 
an  object  of  great  affection  to  the  lamp- 
lighter, who  was  quite  grieved  when  the 
mantle  at  last  broke  down. 

In  private  installations,  including 
factories,  public  houses,  and  other 
premises  where  the  percentage  of 
breakages  from  external  causes  is  highest 
(and  which  are  the  first  to  be  placed 
under  contract  when  such  a  service  is 
offered  by  a  gas  company),  the  average 
life  is  about  one-half  the  before - 
mentioned  number  of  lighting  hours, 
leading  to  an  average  use  of  about 
5  to  7  mantles  per  burner  per  annum. 
In  residences,  on  the  other  hand,  the 
average  life  is  generally  higher. 

On  the  question  of  how  one  is  to 
determine  when  a  mantle  requires 
renewal  because  of  diminished  candle- 
power,  I  would  say  that  that  is  generally 
very  easily  judged  by  the  eye  of  the 
experienced  maintenance  fitter,  and 
there  are  very  generally  other  similar 
burners  at  hand  which  enable  a  com- 
parison to  be  made.  Moreover,  the 
general  experience  is  that  mantles  need 
to  be  renewed  from  external  causes 
more  often  than  because  their  light- 
giving  power  has  appreciably  dimin- 
ished by  lapse  of  time. 

The  quality  of  mantles  is  steadily 
improving  in  the  direction  of  both 
illuminating  power  and  durability  ; 
whilst  the  extended  use  of  non-collo- 
dionized  mantles  by  gas  undertakings 
— introduced  into  this  country  by  Mr. 
Corbet  Woodall,  as  a  result  of  his 
observations  of  the  excellent  results 
obtained  in  Berlin,  where  the  average 
life  of  mantles  in  the  public  lamps  in 
some  districts  is  1,000  hours,  with  never 
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a  defect  to  be  observed — promises  to  be 
of  much  value  to  the  consumer  by 
reducing  contract  charges  for  main- 
tenance. 

In  concluding  these  very  inadequate 
observations  on  the  recent  develop- 
ments of  gas  lighting,  which  I  feel  do 
little  to  justify  the  honour  which  the 
Society  has  conf^red  upon  me  by 
asking  me  to  prepare  a  paper  on  the 
subject,  I  would  only  say  that  those  of 
us  who  are  engaged  in  the  gas  industry, 
whilst  looking  back  with  some  satis- 
faction upon  the  advance  made  in 
recent  years,  are  by  no  means  content 
to  rest  on  our  oars,  but  rather  look  for- 
ward with  a  lively  expectation  to 
further  advance  in  the  future.  The 
efficiency  of  gas  lighting,  viewed  as  a 


problem  of  converting  heat  into  light, 
is  still  very  low  in  comparison  with 
other  methods  ;  that  is  to  say,  the 
illuminating  power  produced  is  far  less 
in  relation  to  the  energy  consumed — 
say  125  c.-p.  per  1,000  B.Th.U.— than 
it  obviously  might,  and  in  all  probability 
at  a  future  date  will,  be,  though 
already  very  far  in  advance  of  what  it 
was  in  the  era  of  luminous-burner 
lighting.  The  stimulus  that  is  applied 
to  all  light-producing  industries,  both 
by  competition  and  by  the  formation 
of  such  a  Society  as  this  for  the  study 
of  the  scientific  application  of  light, 
will,  I  hope,  render  it  possible  to  find 
fresh  subject  for  a  paper  on  "  the 
development  of  gas  lighting "  before 
many  years  have  gone  by. 


The  President  said  that  two  or 
three  points  had  struck  him  and  he 
hoped  more  would  be  said  upon  them 
by  Mr.  Goodenough  when  the  proper 
time  came.  He  had  referred  to  the 
central  suspension  of  lamps  as  being 
radically  unsound  from  the  point  of 
view  of  an  illuminating  engineer,  but 
he  had  given  no  reasons  for  that  con- 
demnation. He  congratulated  the 
author  upon  the  extremely  excellent 
photographs  reproduced  in  his  paper 
and  was  wondering  how  he  had  been 
able  to  secure  photographs  of  lamps 
by  their  own  light  so  extraordinarily 
free  from  that  obstrusive  "flare"  round 
each  lamp  which  was  so  commonly  met 
with  in  photographs  of  such  scenes. 
He  hoped  they  would  hear  in  the  dis- 
cussion something  about  that  very 
important  question  to  the  gas  user  of  the 
deterioration  of  mantles  in  course 
of  time.  Again,  the  commercial  use 
of  non-collodionized  mantles  mentioned 
in  the  paper  was  new  to  him,  and  he 
hoped  they  would  hear  more  about 
that.  He  asked  speakers  to  discuss  the 
paper  on  its  merits  in  order  that  they 
might  get  the  best  information  possible 
upon  this  most  important  branch  of 
apphed  science.  At  the  request  of  the 
Council,  however,  he  must  say  a  word 
or  two  in  regard  to  the  suggested  lines 
of  discussion  :  it  was  earnestly  hoped 


that  speakers  would  refrain  from  enter- 
ing into  any  comparisons  as  to  the 
merits  of  gas  lighting  and  other  illu- 
minants.  They  were  not  there  to  dis- 
cuss that  question  and  they  wished  to 
keep  away  from  such  polemical  matter 
and  to  confine  themselves  to  the  real 
subject  of  the  paper. 

Mr.  C.  Carpenter  (South  Metro- 
politan Gas  Co.)  first  congratulated 
the  Society  on  having  a  paper  by  so 
qualified  a  man  as  Mr.  Goodenough, 
and  secondly,  on  having  in  the  chair 
so  distinguished  a  physicist  as  Dr. 
Thompson.  He  did  not  remember  of 
late  years  an  occasion  upon  which  a 
gentleman  of  the  scientific  attainments 
of  Dr.  Thompson  had  taken  the  chair  at 
the  reading  of  a  paper  on  gas  lighting, 
and  he  thought  it  could  be  taken  as  a 
sign  of  the  times  that  it  was  being 
recognized  that  the  knowledge  of  gas 
lighting  "was  on  a  more  scientific  basis 
than  was  the  case  a  year  or  two  ago. 

Deahng  with  the  question  of  inverted 
mantles,  the  speaker  stated  that  one 
cause  of  their  greater  efficiency,  com- 
pared with  the  upright  type,  had  not 
been  mentioned  in  the  paper.  It  was 
a  physical  one  and  he  thought  it 
happened  in  this  \vay.  With  the 
ordinary  burner  the  particles  of  gases 
arising  from  the  burner  top  are  in  a 
continually  increasing  upward  motion. 
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getting  away  as  fast  as  possible  from 
the  mantle  which  it  is  their  business  to 
illuminate.  In  the  case  of  the  inverted 
mantle,  however,  the  particles  are  first 
of  all  moving  vertically  downwards 
at  a  gradually  decreasing  rate.  They 
come  to  rest  and  then  the  direction  of 
their  flow  is  reversed  and  they  rise 
upwards,  so  that  there  is  a  certain 
pause  in  their  flow,  and  it  might  almost 
be  imagined  that  they  are  giving  their 
efl'ect  in  a  still  atmosphere,  or  in  an 
atmosphere  still  in  comparison  with 
the  lively  atmosphere  in  which  the 
vertical  burner  is  burning. 

The  type  of  burner  was  an  important 
matter  to  gas  companies.  It  was  well 
known  that  the  chemical  composition 
of  to^vn  gas  was  not  the  same  in  all 
places,  and  for  this  there  were  very 
good  reasons.  At  the  present  time 
inverted  burners  were  sometimes  .fitted 
with  gas  regulators  and  frequently  air 
regulators  as  well,  in  order  to  adjust 
them  to  the  special  conditions  as  regards 
the  composition  of  the  gas  in  each 
particular  town.  He  had  recently 
seen  a  suggestion  that  the  supplier  of 
gas  in  each  town  should  select  the  type 
of  burner  which  would  give  the  best 
results  in  that  town  and  that  burners  of 
that  type  should  be  sapplied  to  the  con- 
sumers. He  believed  this  was  the 
best  system.  It  was  a  disadvantage 
to  have  an  air  and  a  gas  regulator  on 
each  burner.  During  the  past  eighteen 
months  his  company  had  been  making 
experiments  in  this  direction,  and  the 
streets  of  South  London  were  lighted 
by  inverted  mantles  in  respect  of  which 
there  were  no  adjusters  either  for  air 
or  gas.  Similar  burners  for  indoor 
lighting  had  also  been  under  test  and 
were  now  ready  to  be  supplied  in  South 
London  for  the  coming  winter.  They 
had  no  adjusters  and  were  simply 
slipped  into  a  socket  just  like  an 
electric  lamp.  Such  a  burner  had  the 
additional  advantage  that  it  was  easily 
cleaned.  This  was  a  distinct  advan- 
tage in  such  a  city  as  London,  where, 
owing  to  the  large  amount  of  dust  in 
the  atmosphere,  it  was  particularly 
essential  that  burners  should  be  capable 
of  being  readily  removed  for  cleaning 
I)ur])oses. 

Mr.  C.  W.  Hastings  remarked  on  the 


thoroughly  practical  nature  of  the 
paper.  Reference  had  been  made  to  the 
need  for  exactitude  as  regards  pressure  ; 
in  domestic  lighting  pressure  was  the 
crux  of  the  Avhole  question. 

He  would  like  to  ask  Mr.  Goodenough 
whether,  in  connexion  with  his  company, 
he  had  taken  steps  to  bring  the  pressure 
of  gas  supplied  to  a  normal  figure  by 
placing  a  governor  or  regulator  on  the 
company's  side  of  the  meter  so  that 
the  consumer  actually  knew  what 
pressure  was  being  supplied  to  his 
house. 

The  new  variety  of  burner  mentioned 
by  Mr.  Carpenter  seemed  to  get  over 
many  difficulties. 

Mr.  W.  H.  Y.  Webber  heartily 
supported  the  author  in  his  objection 
to  central  or  axial  lighting  of  main 
thoroughfares  in  towns.  It  was  the 
wrong  place  for  street  lamps  for  several 
reasons.  In  the  first  place,  it  put  most 
of  the  light  where  it  was  not  wanted, 
and,  secondly,  the  direction  of  the  hght 
was  unfortunate  for  both  vehicular  and 
pedestrian  traffic.  With  such  lighting, 
all  omnibuses  travelled  with  their 
entrance  sides  in  the  shade  and  it  was 
very  difficult  to  see  the  destination 
boards.  Cabs  must  be  entered  and 
left  in  deep  shadow.  In  the  case  of 
vans  unloading  at  a  warehouse,  the 
inside  of  the  van  was  .  quite  dark  ; 
and  it  was  difficult  to  ensure  that 
entrances  to  warehouses,  if  they  were 
at  all  deep,  were  efficiently  lighted  so 
far  as  the  main  door.  A  friend  of  his 
had  observed  a  guardian  of  the  peace 
enjoying  a  quiet  smoke  in  one  of  the 
shaded  doorways  in  Cannon  Street ; 
and  if  this  were  so,  this  method  of 
lighting  might  equally  ofi^er  shelter 
for  burglars.  Street  lighting  was  re- 
quired more  for  pedestrians  than  for  the 
central  line  of  traffic.  He  thought  the 
paper  showed,  probably  more  than 
anything  else,  the  enormous  advance 
made  in  the  efficiency  of  gas  lamps 
during  recent  years,  and  this  was.  due 
to  the  perseverance  of  the  manufac- 
turers stimulated  by  the  advice  and 
criticism  of  those  who  were  laboux'ing 
in  this  department  of  engineering,  viz., 
the  officers  of  the  gas  companies. 

Dr.  R.  Lessing  agreed  that  the  high 
efficiency    of    inverted   burners  was 
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mainly  a  matter  of  flame  temperature. 
There  could  also  be  no  question  that  it 
was  the  temperature  of  an  incandescent 
body  that  was  mainl}^  responsible  for 
its  efficiency,  and  it  had  been  shown 
that  an  increase  in  temperature  of 
100  degrees  might  double  the  hghting 
power  of  a  burner. 

As  regarded  flame  temperature,  it 
was,  of  course,  recognized  that  the 
Bunsen  flame  was  divided  into  several 
zones  of  varying  temperature.  Allowing 
a  flame  to  burn  as  in  the  laboratory  one 
found  thr.t  there  was  an  inner  cone 
which  was  comparatively  cool,  while 
the  outer  one,  which  received  sufficient 
air  for  theoretically  complete  com- 
bustion to  take  place,  was  therefore 
very  hot  in  comparison.  If  they  added 
to  the  gas  sufficient  air  to  obtain  the 
theoretical  combustion  throughout  the 
flame  they  would  be  in  a  position  to 
place  the  body  of  the  mantle  in  the 
hottest  zone,  and  the  bunsen  flame 
would  assume  an  almost  homogeneous 
aspect  throughout.  On  the  other  hand 
the  flame  would  be  considerably 
shortened,  and  a  second  advantage  was 
obtained  in  that  the  heat  given  out 
by  the  flame  was  more  concentrated 
on  the  body  heated.  Therefore  some 
regulation  of  the  air-supply  seemed 
to  him  necessary,  though  he  would  not 
like  to  disagree  with  Mr.  Carpenter  as 
to  the  advantage  that  would  accrue 
from  burners  that  could  be  worked 
without  regulation  of  air,  especially 
in  view  of  the  fact  that  every  consumer 
was  not  capable  of  making  the  minute 
adjustments  required.  On  the  other 
hand  every  undertaking  was  not  in  the 
happy  position  of  Mr.  Carpenter's  of 
having  gas  of  practically  constant 
composition. 

There  was  another  point  mentioned 
in  the  paper,  namely,  the  preheating 
of  the  gas  and  air  mixture,  and  this 
indicated  that  they  were  beginning  to 
understand  the  scientific  basis  under- 
lying the  whole  question  much  better 
than  a  few  years  ago.  It  was  now 
possible  to  construct  lamps  to  such  a 
nicety  that  the  excess  of  air  in  the  pro- 
ducts of  combustion  was  reduced  to  a 
minimum  and  nearly  all  the  heat 
obtainable  was  applied  to  heating  the 
mantle.    To  enable   a  rapid  exchange 


of  heat  to  take  place  one  should  aim  at 
exposing  a  large  surface,  which  should 
be  as  thin  as  the  construction  would 
allow  without  deterioration  from  the 
heat. 

The  temperature  of  the  flue-gases  was 
an  important  item  in  the  working 
of  the  lamp  ;  its  maximum  value  could 
be  ascertained  by  analysis  of  these 
gases,  and  it  could  thus  be  readily 
demonstrated  whether  there  was  any 
excess  of  air  present.  He  recalled  one 
or  two  cases  of  modern  high  pressure 
inverted  gas  lamps  where  it  had  been 
possible,  by  investigations  of  this  kind, 
to  reduce  the  excess  of  air  by  about 
30  to  40  per  cent,  of  that  present 
in  the  case  of  previous  designs,  and  to 
improve  the  efficiency  of  the  lamp  to  a 
corresponding  extent. 

Mr.  W.  J.  A.  Butterfield  agreed  that 
centrally  suspended  lamps  were  object- 
tionable  not  only  on  the  grounds  already 
mentioned,  but  also  because  they 
interfered  with  the  passage  of  fire- 
esca<pes,  ladders,  and  possibly  tramway 
conductors. 

He  was  also  glad  to  hear  Mr. 
Goodenough's  experience  as  regards 
maintenance.  When  he  had  been  pre- 
paring a  textbook  on  another  illu- 
minant  some  years  ago  he  had  been 
very  glad  to  have  indisputable 
figures  on  the  cost  of  maintenance  to 
go  upon.  The  fact  that  a  gas 
company  were  prepared  to  renew 
mantles  and  chimneys  for  a  certain  sum 
per  quarter  afforded  a  safe  basis  on 
which  to  compute  costs  of  gashghting. 

Speaking  as  a  private  householder 
he  had  had  very  favourable  experience 
of  incandescent  hghting.  There  had 
been  one  case  in  which  a  mantle  on  a 
Kern  No.  3  burner  had  lasted  for  three 
years,  with  a  loss  in  candle  power 
of  only  about  15  per  cent,  while  the 
one  that  replaced  it,  in  his  entrance 
hall,  and  therefore  subject  to  draughts, 
had  already  been  in  use  for  2f  years. 

He  could  fully  confirm  what  Mr. 
Carpenter  had  said  about  the  efficiency 
of  his  burner  with  neither  gas  nor  air 
regulation ;  of  course  such  burners  had 
to  be  standardized  for  the  particular 
quahty  of  gas  for  which  they  were 
intended.  It  was  curious  that  they 
were  going  back  to  the  fixed  relation 
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of  gas  and  air  in  the  burner  for  lighting 
whilst  the  makers  of  stoves  for  heating 
purposes  were  proceeding  in  the  other 
direction. 

Mr.  A.  E.  Broadberry  (Tottenham 
Gas  Co.)  after  adding  his  congratula- 
tions to  the  author  for  the  paper,  said  he 
wished  that  certain  points  had  been 
dealt  with  in  greater  detail.  With 
regard  to  high  pressure  hghting 
generally,  there  was  no  doubt  that 
this  would  constantly  increase,  and 
that  even  for  ordinary  supply  there 
would  be  a  distinct  tendency  to  increase 
the  pressure.  Personally  he  felt  that 
they  were  merely  on  the  outskirts 
of  what  could  be  obtained  with  gas, 
and  that  in  a  few  years  time  they  would 
look  back  upon  their  present  systems 
as  being  just  as  old-fashioned  as  those 
of  ten  years  ago  are  regarded  now. 

Mr.  S.  E.  Doane  (Chief  Engineer, 
National  Electric  Lamp  Association, 
U.S.A.)  expressed  his  thanks  for  the 
courtesy  and  kindness  which  had  been 
extended  to  him  during  his  two  months' 
stay  in  this  country.  Whilst  he  was 
not  qualified  to  speak  in  the  discussion 
upon  this  gas  paper,  he  wished  to 
mention  that  one  of  the  greatest  benefits 
accruing  from  the  work  of  the  American 
Illuminating  Engineering  Society  was 
the  hvely  interest  in  illumination  they 
had    awakened    among  architects. 

Architects  now  came  to  the  American 
society  for  specifications  and  assistance 
and  they  also  now  took  the  advice  of 
consulting  illuminating  engineers  as  the 
result  of  the  work  of  the  Society. 
Another  achievement  in  America  was  the 
institution  of  a  series  of  lectures  at  the 
Johns  Hopkins  University  and  these 
had  been  attended  by  consulting 
engineers,  architects  and  even  pro- 
fessors at  the  different  colleges.  The 
latter  had  gone  back  and  started 
lectures  of  their  own  as  a  result.  The 
Illuminating  Engineering  Society  in 
England  was  well  quaUfied  to  carry  on 
similar  work. 

Mr.  S.  E.  Thornton  (Messrs.  William 
Sugg  &  Co.,  Ltd.),  thought  that  it  would 
be  an  advantage  to  the  general  gas- 
using  public  if  this  paper  were  brought 
to  their  notice,  as  it  contained  some 
good  practical  information. 

With  reference  to  Street  Lighting, 


he  suggested  that  in  view  of  the  many 
beautiful  buildings  which  London 
possesses,  more  consideration  should 
be  paid  by  the  Lighting  Authorities  to 
illuminate  (or  to  throw  some  hght  on) 
these  buildings.  It  would  greatly 
add  to  the  interest  and  beauty  of 
London's  streets  by  night. 

He  was  not  sure,  however,  that  the 
ratepayers  would  all  agree  with  him  in 
this  suggestion. 

Mr.  K.  W.  Edwards  (Aldershot  Gas 
Water,  and  District  Lighting  Co.), 
whilst  congratulating  Mr.  Goodenough 
on  the  excellency  of  his  paper,  also 
reproved  him  for  his  brevity.  There 
were  many  points  in  the  paper  upon 
which  more  information  would  have 
been  desirable  and  acceptable.  Firstly, 
in  regard  to  the  maintenance  of  incan- 
descent burners — did  the  author  advise 
consumers  upon  the  basis  of  an  ex- 
clusive charge  at  so  much  per  quarter 
per  burner,  to  include  labour  ?  Or  did 
he  suggest  providing  material  at  cost 
price,  or  something  near  to  it,  and 
labour  free  ?  or,  as  third  system, 
did  he  suggest  doing  the  labour  at  say 
Id.  per  burner  per  visit,  and  charging 
for  material  at  a  low  rate  ? 

Next,  with  regard  to  cross  lighting  of 
pubUc  streets — years  ago  he  remem- 
bered a  street  in  Liverpool,  called 
Bold  Street — a  somewhat  narrow,  but 
nevertheless  very  important  thorough- 
fare— which  was  lighted  by  central 
wires  slung  across,  and  was  quite 
satisfactory.  Personally  he  thought 
that  in  narrow  thoroughfares  cross 
lighting  was  much  more  effective  and 
more  efficient  than  side  lights.  The 
latter  was  the  better  with  wide 
thoroughfares  having  broad  footpaths. 
He  had  also  noticed,  and  admired  the 
efficiency  of  the  cross  Hghting  in  the 
Friedrich-Strasse,  Berhn. 

Again,  he  would  like  to  seek  some 
information  with  regard  to  high-pres- 
sure hghting.  W^hat  system  of  high- 
pressure  distribution  was  in  use  by 
Mr.  Goodenough  ? — Was  the  gas  com- 
pressed from  a  central  compressor  ? 
or  from  de-centralized  compressors  ? 
What  motive  power  was  used  ?  and 
whether  there  was  auxiliary  motive 
power?  i.e.,  if  by  water,  gas  engines, 
or  electrical   tUOtors  ?    Further,  had 
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he  any  system  whereby  he  mixed  gas 
with  an  equal  proportion  of  air  at 
the  compressor,  as  was  being  done  in 
the  installation  at  the  Brighton  Railway 
Station,  the  remainder  of  the  air  being 
taken  up  at  the  burner  ? 

These  were  important  points,  and 
of  much  interest  to  the  present-day 
generation. 

He  thought  that  the  fact  that  Mr. 
Carpenter  was  using  incandescent  in- 
verted burners  without  regulators  spoke 
well  for  the  manufacturing  arrange- 
ments at  his  various  works,  but  there 
were  difficulties  in  the  way  where  a 
system  of  mixed  gases  was  in  use, 
which  was  not  the  case  with  Mr. 
Carpenter's  company.  In  these  cases 
with  mixed  gases,  there  was  not  the 
same  degree  of  constancy  in  the  com- 
position and  specific  gravity,  and 
therefore  regulators  on  the  incan- 
descent burners  would  be  a  necessity. 
He  was  carrying  out  some  rather 
exhaustive  experiments  in  some  out- 
lying districts  (through  which  the  gas 
was  being  boosted  at  a  high  pressure  of 

2  lbs.  per  square  inch  to  districts 
beyond)  in  regard  to  pressure  on  the 
consumers'  premises,  and  was  fixing 
regulators  adjusted  to  a  maximum  of 

3  in.  on  in-let  of  consumers'  meters, 
and  so  far  this  had  been  very  satis- 
factory. The  consumers  were  delighted 
because  the  adjustment  of  the  burners 
was  more  perfect,  and  generally  the  gas 
supply,  including  that  to  the  cookers  and 
fires,  more  efficient.  It  was  also  a 
matter  of  importance  to  fix  the  regula- 
tor on  in-let  of  meter,  because  of  the 
compression  of  the  gas,  in  order  that 
greater  accuracy  could  be  obtained 
in  registration,  and  furthermore  to  pro- 
tect the  drum  of  the  meter  from  any 
strain. 

Mr.  C.  Carpenter  interposed  with  the 
remark  that  the  non-adjustable  burner 
which  he  had  already  mentioned,  had 
been  working  satisfactorily  in  West- 
minster on  the  Gas  Light  &  Coke  Co.'s 
supply  for  twelve  months. 

Mr.  J.  H.  A.  Baugh  suggested  that  a 
more  effective  illumination  would  be 
obtained  on  railway  stations  if  a  globe 
composed  of  slightly  ground  glass  was 
used  instead  of  a  clear  globe,  as  this 
gave  rise  to  an  impression  of  glare. 


The  same  thing  appHed  to  some  extent 
in  the  case  of  street  fighting.  Screening 
might  also  be  of  assistance  in  distri- 
buting the  light ;  for  the  same  reason 
smaller  units,  at  more  frequent  inter- 
vals than  at  present,  would  be  found 
beneficial. 

The  President,  before  calling  on  the 
author  to  reply,  made  a  few  remarks. 
One  gentleman  had  expressed  surprise 
that  a  physicist  should  take  an  interest 
in  gas  lighting.  But  surely  the  extra- 
ordinary fact  that,  whereas  a  few  years 
ago  they  were  only  getting  two  or  three 
candle-power  per  cubic  foot  of  gas,  they 
were  now  getting  up  to  70  candle- 
power  by  the  use  of  mantles,  and  in- 
version, and  high  pressure,  must 
interest  every  scientific  man  from 
whatever  quarter  he  might  happen  to 
come.  They  must  not  too  forget  that 
the  historic  room  in  which  they  were 
meeting  and  which  had  been  the  scene 
of  scientific  meetings  for  over  haK  a 
century,  had  witnessed  the  birth  of 
gas  lighting  and  that  discourses  were 
delivered  there  the  best  part  of  a 
century  ago  by  the  late  Mr.  Winsor 
upon  the  great  importance  of  laying 
down  pipes  in  London  for  the  first 
chartered  gas  company.  Not  very 
many  years  ago  he  hea.rd  a  lecture  in 
that  very  room  in  which  the  lecturer 
was  quite  confident  that  he  had  fived 
through  the  gas  era  and  that  it  had 
about  closed.  After  hearing  the  dis- 
cussion on  Mr.  Goodenough's  paper 
they  would  begin  to  think  that,  what- 
ever Mr.  Winsor  did  in  1808,  the  era  of 
real  gas  fighting  had  only  begun. 

Mr.  Goodenough,  in  reply,  remarked 
that  his  paper  had  been  criticized  as 
being  too  short.  He  thought  the 
shortness  of  the  paper  was  justified 
by  the  fact  that  it  had  given  time  for 
the  discussion  ;  the  remarks  that  had 
fallen  from  the  various  speakers  having 
been  more  valuable  than  anything 
he  was  himself  able  to  say.  Dealing 
first  with  the  President's  challenge  as 
to  why  he  considered  the  fighting  of 
the  roadway  by  lamps  suspended  over 
it  as  unsound,  Mr.  Webber  had 
partially  answered  the  question.  The 
light  tended  to  throw  shadows  from 
vehicles  on  to  the  pavement ;  and  a 
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person  trying  to  see  the  destination  of 
an  omnibus  had  the  disadvantage  of 
having  the  side  of  the  vehicle  in  shadow 
instead  of  in  light  ;  and  if  he  attempted 
to  get  into  the  vehicle,  he  also  found 
the  entrance  in  shadow.    There  was 
another  very  strong  objection  to  the 
lighting  of  the  roadway  by  suspension 
lamps.    It  was  this  :    They  had  to 
have  the  lamps  sufficiently  high  above 
the  roadway  for  the  wires  to  be  cleared 
by  the  passage  of  fire  escapes  or  tall 
ladders  ;   and  if  they  were  put  suffi- 
ciently liigh  to  ensure  anything  like  even 
distribution  of  light  on  the  pavement, 
they  were  so  high  that,  if  there  was  a 
fog,  there  was  not  the  slightest  chance 
of  the  road  and  pathways  being  lighted 
-by  the  lamps,  situated  (say)  28  or 
30  ft.  above  the  roadway.    Most  of 
them  had  had  experience  of  fogs  in 
-London.    He  had  looked  down  from 
one  of  the  windows  of  his  flat  through 
the  clear  upper  air  on  to  a  dense  bed  of 
fog  beneath,  with  an  arc  lamp  shining 
merrily  above  the  fog.    He  had  gone 
down,  and  stood  at  the  foot  of  the 
column,  and  could  not  see  the  light, 
though  the  lamp   was   only   18  ft. 
above  the  road-level.    If  the  height 
of  such  a  lamp  was  increased  to  (say) 
28  ft.,  the  chances  of  the  light  finding 
its  way  down  to  the  street  when  a 
real  fog  prevailed  were  very  remote. 
He  had  to  thank  Mr.  Carpenter  for  the 
very  complimentary  remarks  he  had 
made  ;  and  he  did  feel  that  the  paper 
had  been  justified  if  only  by  securing 
IMr.  Carpenter's  presence,  and  hearing 
what  he  had  to  say  on  gas-lighting 
matters,  upon  which  he  was  such  an 
eminent   authority.    He   (Mr.  Good- 
enough)   was    particularly  interested 
in  Mr.  Carpenter's  explanation  of  the 
causes  of  the  efficiency  of  the  inverted 
gas-burner    as    against    the  upright 
form — an  explanation   that  had  not 
previously  occurred  to  him.    He  was 
glad  that  Dr.  Lessing  confirmed  him 
in  his  belief  as  to  the  main  cause  of  the 
increased  efficiency.     Particularly  in- 
terested would  he  be  to  see  and  to  test 
the  burner  of  wnich  Mr.  Carpenter  had 
spoken  with   its   fixed  gas   and  air 
supply  ;  more  especially  as  Mr.  Carpen- 
ter was  able  to  assure  them  that  it  had 
been  found  to  work  with  perfect  satis- 


faction upon  the  Gaslight  Company's 
supply — namely,  a  mixture  of  coal 
and  water  gas,  distinct  from  the  straight 
coal-gas  supply  in  South  London.  He 
had  quite  an  open  mind  on  the  subject. 
There  was  one  point  that  occurred 
to  him,  and  it  was  that  the  adjustable 
nipple  by  which  the  supply  of  gas 
was  regulated  served  the  double  purpose 
of  regulating  the  gas  and  of  clearing  the 
nipple  from  any  temporary  obstruc- 
tion that  might  be  in  it  without  dis- 
mantling the  lamp  for  the  purpose. 
A  turn  of  the  regulating  screw  to  and 
fro,  so  as  to  drive  the  needle  through 
the  injector  and  back  again,  would  often 
improve — would  often  make  a  sub- 
stantial improvement  in — a  defective 
fight.  Mr.  Hastings  raised  the  question 
of  pressure.  The  variations  of  pressure 
in  a  district  were  not,  as  he  had  said  in 
his  paper,  by  any  means  so  material 
as  at  one  time  they  were.  Owing  to  the 
considerable  higher  average  pressure 
that  was  now  in  use  in  the  district — 
say,  3  in.  instead  of  perhaps  IJ  in. 
as  formerly  —  a  J-in.  variation  in 
pressure  was  not  nearly  so  high  a 
proportional  variation  as  it  was  when 
pressures  were  lower — that  was  to 
say,  a  difference  between  IJ  in.  and 
IJ  in.  was  proportionally  much  greater 
than  a  difference  between  3  in.  and 
2|  in.  He  had  been  told  by  a  gentle- 
man interested  in  the  manufacture  of 
instruments  of  precision  in  regard  to 
pressures  and  so  forth,  that  he  had 
never  found  in  his  experience  a 
straighter  fine  on  his  recording-gauge 
than  he  found  in  Westminster  nowa- 
days. A  great  deal,  of  course,  depended 
on  the  adequacy  or  inadequacy  of 
the  internal  fittings.  If  the  fittings 
internally  were  of  a  limited  character, 
then  there  would  be  variations  in 
pressure  (even  though  the  district 
pressure  was  constant)  according  to  the 
demand  made  upon  the  supply.  This 
was  a  point  upon  which  they  would  be 
glad  if  architects  would  consult  the 
gas  company  when  drawing  up  their 
specifications  for  the  piping  of  premises. 
There  was  a  great  tendency  to  put  in 
internal  piping  when  houses  were  in 
course  of  construction  that  was  alto- 
gether inadequate.  With  adequate 
fittings,  there  was  httle  need  in  most 
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districts  for  pressure  governing  ;  but 
where  internal  fittings  were  at  all  on 
the  small  side,  it  was  undoubtedly  a 
great  advantage  to  fix  a  governor  on 
the  outlet  or  inlet  of  the  meter,  so  as 
to  secure  a  constant  pressure  at  the 
burners  whatever  the  demand  might 
be.  Mr.  Butterfield  gave  them  some 
interesting  experiences  in  regard  to  the 
life  of  mantles.  He  (Mr.  Goodenough) 
was  interested  to  read  in  the  Journal 
of  Gas  Lighting  that  day  a  report  from 
the  Chief  Inspector  of  the  Brentford 
Gas  Company  of  their  experience  in 
the  use  of  mantles  on  high-pressure 
lamps  at  the  Japan-British  Exhibition, 
where  their  average  for  six  months 
was  not  two  mantles  per  burner. 
This  would  probably  give  five  mantles 
per  annum,  allowing  for  the  fact  that 
the  months  of  use  were  summer  and 
not  winter  ones.  Mr.  Thornton's  sug- 
gestion as  to  the  illumination  of  fine 
public  buildings  would  commend  itself 
to  gas  and  electric  lighting  companies, 
but  perhaps  not  to  the  ratepayers. 
(Laughter.)  Anyway,  he  (Mr,  Good- 
enough)  would  welcome  the  adoption 
of  the  suggestion.  Mr.  Edwards  asked 
for  an  expression  of  opinion  as  to  the 
best  system  of  charging  for  mantle 
maintenance — whether  he  would  advise 
an  inclusive  charge  (a  fixed  price 
per  annum  or  quarter  to  include  all 
materials  and  labour),  or  whether  he 
would  recommend  materials  at  cost 
and  labour  free.  He  was  a  strong 
advocate  of  the  system  of  charging 
fixed  prices  per  burner  inclusive,  be- 
cause he  did  not  hke  leaving  to  the 
decision  of  a  consumer  whether  a 
mantle  should  be  continued  in  use  or 
not.  If  a  consumer  had  to  pay  so 
much  per  mantle,  according  to  the 
number  of  mantles  used,  the  consumer's 
tendency  would  probably  be  (as  it 
was  when  they  looked  after  their  own 
mantles)  towards  economy  rather  than 
efficiency.  He  (Mr.  Goodenough)  pre- 
ferred that  it  should  be  a  matter 
for  the  decision  of  the  gas  company's 
fitter  as  to  whether  or  not  a  mantle 
was  required  rather  than  leave  the 
decision  to  the  consumer,  if  the  con- 
sumer had  to  pay.  For  these  reasons, 
he  strongly  recommended  an  inclusive 
charge  per  annum  or  per  quarter.  Mr. 


Edwards  also  referred  to  central  fighting 
for  narrow  streets  ;  and,  for  such 
purposes,  he  (Mr.  Goodenough)  thought 
that  bracket  fighting  was  preferable  as 
freeing  the  streets  from  any  obstruction 
from  columns,  which  were  perhaps 
a  nuisance  in  narrow  thoroughfares. 
A  great  majority  of  the  narrow  streets 
in  the  City  were  well  hghted  from 
brackets.  Then,  Mr.  Edwards  also 
asked  as  to  the  system  of  high-pressure 
distribution.  The  Gashght  and  Coke 
Company  were  supplying  high-pressure 
gas  for  fighting  in  Westminster  from  a 
central  station  at  their  head  office 
in  Horseferry  Road — the  compressors 
being  run  by  gas-engines  with  adequate 
stand-by  ;  so  that  if  one  engine  was 
not  available,  another  was.  In  regard 
to  the  question  of  supplying  a  mixture 
of  gas  and  air  at  the  compressors, 
instead  of  the  mixture  taking  place 
at  the  burner,  they  had  not  put  in  any 
installations  of  this  nature  themselves, 
but  there  were  one  or  two  on  their 
district.  The  suggestion  that  more 
standards  should  be  used  in  the  streets 
was  one  that  was  rather  difficult  to 
deal  with,  because  there  was  such  an 
enormous  variation  as  to  the  number 
of  standards  that  were  used  in  streets. 
In  some  streets,  the  number  of  standards 
was  very  considerable  per  thousand 
yards  ;  in  others,  very  scanty.  Per- 
sonally, he  favoured  the  use  of  a  number 
of  units  of  moderate  power,  placed 
not  too  high  above  the  ground,  rather 
than  fighting  the  streets  by  high  units 
placed  a  greater  distance  apart,  and 
fixed  higher  above  the  ground-level. 
By  these  means,better  uniformity  in  the 
distribution  of  illumination  was  ob- 
tained. 

The  President  remarked  that,  as 
regarded  central  fighting,  he  did  not 
find  himseK  in  antagonism  to  the 
author.  But  it  appeared  to  him  that 
many  of  the  objections  raised  to  cen- 
trally suspended  lamps  also  appfied  to 
central  pillars. 

The  President  then  proceeded  to 
mention  that  a  series  of  queries  con^ 
nected  mth  gaslighting  had  been 
prepared  by  the  Hon.  Secretary  and 
submitted  to  several  authorities,  some 
of  whom,  including  Mr.  Geo.  Keith 
and  Mons,   P.   Lauriol   (P?.ris),  lic.d 
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already  sent  in  witten  commanica- 
tions.  These  he  proceeded  to  sum- 
marise. (These  remarks  will  be  found 
in  extenso  on  p.  733.) 

On  the  motion  of  the  President,  a 
hearty  vote  of  thanks  was  accorded 
to  Mr.  Goodenough. 


The  President  then  announced  that 
the  next  meeting  would  be  held  on 
Friday,  December  9th,  when  Prof. 
E.  W.  Marchant  would  read  a  paper  on 
'  Recent  Progress  in  Electric 
Lighting,'  and  the  proceedings  ter- 
minated. 


Queries  in  Connexion 

In  view  of  the  rapid  progress  made 
and  the  many  different  forms  of  lamps 
and  appliances  now  available  in  con- 
nexion with  gas  hghting  the  following 
hst  of  queries,  dealing  with  points  on 
which  more  definite  information  would 
seem  to  be  valuable,  was  prepared  and 
published  in  the  last  number  of  The 
Illuminating  Engineer  (p.  671). 

This  series  of  inquiries  has  now  been 
submitted  to  authorities  on  gaslighting 
in  this  and  other  countries,  from  some 
of  whom  wc  publish  replies  in  this 
issue.  The  following  is  the  list  of 
queries  submitted : — 

1.  What  is  the  maximum  efficiency 
(candle-power  per  cubic  foot  of  gas 
consumed  per  hour)  attainable  in 
practice  at  the  present  time,  and  under 
what  conditions  as  regards  pressure,  &c.? 
What  do  you  consider  the  most  accurate 
method  of  expressing  this  quantity 
(i.e.,  in  terms  of  mean  spherical,  mean 
hemispherical  or  candle  power  in  some 
prescribed  direction)  ? 

2.  How  long,  on  the  average,  should 
mantles  intended  (1)  for  low  pressure 
indoor  hghting,  (2)  for  outdoor  high 
pressure  Hghting,   be  allowed  to  be 
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used  before  they  are  replaced  ?  How 
much  should  their  light  be  allowed  to 
decrease  before  renewal,  and  how  is 
this  tested  ?  Results  of  tests  of  the 
fall  of  candle-power  during  life  of 
modern  low  and  high-pressure  mantles 
would  be  welcomed. 

3.  Under  what  conditions,  in  your 
experience,  has  automatic  control  of 
lamps  been  found  economical  and 
reliable  ? 

4.  How  far  has  it  been  found  bene- 
ficial for  the  company  to  supervise  the 
conditions  of  lighting  enjoyed  by  the 
consumer,  undertake  the  adjustment 
and  cleaning  of  burners,  globes,  &c., 
and  the  replacement  of  mantles  ;  should 
companies  also  give  advice  as  to  the 
location  and  use  of  lamps  ^  In  your 
experience  is  it  the  practice  of  com- 
panies, in  buying  mantles,  to  require 
compliance  with  a  certain  specification 
and    what    terms    does   it  contain  ? 

5.  In  view  of  the  greater  intrinsic 
brilliancy  of  modern  high  candle- 
power  lamps  is  it  desirable  that  some 
form  of  diffusing  globe  should  be 
employed  to  screen  high-pressure 
lamps  in  the  streets  and  interiors  1 


In  the  following  pages  we  pubfish 
the  rephes  to  this  list  of  queries  received 
from  corresponding  members  in  different 
parts  of  tlie  world.  It  should  also  be 
mentioiKKl  that  Icitters  exj)i('ssing  sym- 
pathy with  the  wor  k  of  the  society  and 
interest  in  this  discussion  have  been  re- 
ceived from  Prof.  H.  Bunte  (Technische 


Hochschule,  Karlsruhe),  Mr.  W.  H. 
Gartley  (Chief  Engineer  of  the  Phila- 
delphia Gas  Works,  &c.),  and  others, 
and  we  hope  to  be  in  a  position  to  pub- 
lish further  communications  from  other 
corresponding  members  of  the  society 
very  shortly. 
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M.  P.  Lauriol  (Chief  Engineer  of 
the  Lighting  Department  of.  the  City 
of  Paris)  : — 

Query  1.  When  comparing  ordinary 
upright  incandescent  burners,  it  is 
only  necessary  to  measure  the  hori- 
zontal intensity,  as  the  form  of  the 
intensity  curve  will  be  the  same  for 
different  burners  ;  but  a  measurement 
in  one  direction  only  is  not  sufficient, 
as  the  value  in  different  directions  may 
vary  as  much  as  10  per  cent  from  the 
average  value.  Measurement  in  four 
directions  at  right  angles  is  suggested 
as  satisfactory. 

A  comparison  of  upright  and  in- 
verted burners  for  street  lighting  should 
be  on  th3  basis  of  the  mean  lower 
hemispherical  intensity. 

In  the  case  of  interior  lighting,  the 
question  of  the  best  basis  of  comparison 
is  more  difficult  to  settle.  In  some 
cases  the  hemispherical  and  in  others 
the  spherical  intensity  would  be  the 
most  satisfactory,  according  to  the 
quantity  of  hght  that  may  be  reflected 
from  the  ceiling  and  walls.  In  general 
the  mean  spherical  intensity  is  to  be 
preferred. 

The  following  figures  give  the  results 
of  some  recent  tests  on  efficiency 
attainable  with  Paris  gas  (tested  accord- 
ing to  the  method  of  Dumas  and  Reg- 
nault  for  the  candle-power  of  flame 
burners)  and  also  tested  in  the  labor- 
atory for  calorific  power,  giving  practic- 
ally 4800  calories  per  cubic  metre 
(steam  not  condensed).  The  figures 
are  given  in  international  candles, 
and  are  the  average  values  for  400 
hours  working,  the  efficiency  being 
actually  about  10  per  cent  lower  at 
the  end  of  400  hours. 

Ordinary  burners,  with  ordinary 
pressure  of  50  mm.  (2  in.)  of  water  : — 

*Small  burner,  consuming  50  litres 
(If  cubic  feet)  per  hour,  1'25  htres  per 
candle  hour  (23  candles  per  cubic  foot). 

*  Mean  horizontal  intensity. 


ted  Replies. 

*Medium  burner,  consuming  80  litres 
(2*8  cubic  feet)  per  hour,  0-95  htres  per 
candle  hour  (30  candles  per  cubic  foot). 

*Large  burner,  consuming  150  htres 
(5 J  cubic  feet)  per  hour,  1'30  litres 
per  candle  hour  (22  candles  per  cubic 
feet). 

Thus  the  medium  burner  gives  the 
highest  efficiency. 

Inverted  burners  : — 

tPressure  50  mm  (2  in.)  ;  burner  of 
80  litres  (2*8  cubic  feet)  per  hour ; 
consumption,  1'38  litres  per  candle  hour 
(21  candles  per  cubic  foot). 

fPressure,  1400  mm.  (55  in.)  ;  burner 
of  300-2500  htres  per  hour  (101-87  cubic 
feet)  ;  consumption,  0"67  litres  per 
candle  hour  (43  candles  per  cubic  foot). 

Query  2. — With  ordinary  pressure 
(50  mm.  or  2  in.)  good  mantles  last 
400  hours  with  a  decrease  of  20  per 
cent  from  the  initial  efficiency.  This 
applies  only  to  laboratory  experience, 
as  we  have  no  practical  method  of 
measuring  the  candle-power  of  street 
burners  when  working. 

Query  3. — No  experience. 

Query  4. — The  Paris  Gas  Co.  suppfies 
gas,  meters,  and  small  cooking  ovens, 
but  nothing  else. 

For  municipal  fighting,  both  for 
streets  and  interiors,  mantles  are  bought 
by  the  municipality  without  any  speci- 
fication in  the  contracts.  It  is  usual  to 
buy  from  several  firms  at  the  same 
time,  any  make  that  proves  unsatis- 
factory being  subsequently  rejected. 

Query  5. — The  intrinsic  brilhancy  of 
any  lamp  is  too  high  for  direct  hght 
to  be  allowed  to  enter  the  eye  direct, 
and  screening  either  A\ith  diffusing 
globes  or  with  thick  opaque  paper  or 
thin  metal  shades,  is  desirable  in  the 
case  of  indoor  fighting.  For  street 
lighting  diffusing  globes  are  at  present 
used  with  electric  arcs,  but  not  for 
gas  lamps  however  powerful  they  may 

*  Mean  horizontal  intensity, 
t  Mean  hemispherical  intensity. 
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be.  But  it  is  not  certain  what  the 
future  practice  in  this  respect  may  be. 

Additional  Note. — In  the  case  of 
an  incandescent  burner  the  higher 
the  pressure  at  the  nozzle  of  the 
burner,  the  higher  the  efficiency,  pro- 
vided that  the  burner  has  been  de- 
signed for  this  pressure.  In  practice 
it  is  therefore  desirable  (a)  to  maintain 
the  pressure  at  the  burner  constant, 
(h)  to  keep  this  pressure  as  near  as 
possible  to  the  high  limit. 

Now  a  gas-governor  cannot  raise 
the  pressure  above  the  value  of  the 
supply  ;  it  can  only  reduce  the  pressure 
in  the  burner  to  a  certain  limit  *'  p," 
for  which  the  burner  is  designed.  Con- 
sequently when  the  pressure  in  the 
pipes  is  less  than  "p"  the  governor 
cannot  achieve  its  purpose.  Therefore 
it  is  desirable  to  maintain  in  the  pipes 
a  somewhat  higher  pressure  than  this 
value  "  p,"  and  also  to  design  both 
governor  and  burners  for  use  on  the 
highest  pressure  that  can  actually  be 
attained  in  the  pipes  during  lighting 
hours.  In  Paris  the  contract  entered 
into  with  the  gas  company  specifies 
that  the  pressure  at  any  point  in  the 
street  network  must  not  be  less  than 
40  millimetres  (1'6  ins.)  of  water.  In 
practice  it  is  always  maintained  at  a 
somewhat  higher  value,  and  the  burners 
and  governors  in  use  are  designed  for  a 
pressure  of  50  millimetres  (2  ins.). 

Mr.  Geo.  Keith  (London)  : — 

It  is  naturally  not  possible  to  give 
the  maximum  efficiency  in  candle- 
power  per  cubic  foot  of  gas  consumed 
per  hour,  unless  it  is  known  Avhat  kind 
of  gas  is  to  be  used,  as  the  results 
vary  considerably  according  to  the 
quahty. 

In  my  experience,  however,  one  can 
obtain  on  the  average  60  candles  per 
cubic  foot,  and  in  some  cases,  where 
extra  good  coal  gas  is  obtainable,  we 
have  obtained  results  as  high  as  73 
candles  per  cubic  foot.  As  an  illus- 
tration of  the  dependence  of  the 
results  on  the  quality  of  gas  it  may  be 
said  that,  using  our  system  with  oil- 
gas,  and  that  only  in  small  units,  we 
have  o})tained  as  high  a  result  as 
120  candles  per  cubic  foot  of  gas 
consumed. 


The  pressure  we  employ  is  ordinarily 
54  inches  of  water  (or  21b.  per  square 
inch),  but  we  occasionally  go  higher 
than  this  if  necessary. 

In  my  opinion  the  most  accurate 
method  of  expressing  the  lighting  value 
of  a  lamp  is  unquestionably  in  terms  of 
the  mean  lower  hemispherical  value. 

As  regards  query  5 — ^in  my  opinion 
it  is  not  necessary  or  desirable  to  use 
a  diffusing  globe  with  lamps  for  outside 
lighting,  as  the  hght  is  already  very 
well  diffused,  and  is  not  sufficiently 
concentrated  to  cause  discomfort  or 
injury  to  eyesight. 

For  inside  lighting,  in  cases  in  which 
small  units  are  used  close  to  the  eye, 
it  is  often  found  desirable  to  shield 
the  eye  from  the  direct  light  of  the 
mantle  by  opal  or  frosted  glass. 

Prof.  H.  Strache  (Techn.  Hochschule, 

Vienna)  : — 

L  The  maximum  efficiency  which 
was  attained  in  tests  undertaken  last 
year  in  the  Testing  Institution  for 
Gas  Lighting  of  the  Vienna  Tech- 
nische  Hochschule,  was  stated  to  be 
0*697  litre  per  hefner  candle  sub- 
hemispherical  (37'0  Int.  candles  per 
cubic  foot),  with  a  gas  pressure  of 
50  mm.  (at  0°C.  and  700  mm.  baro- 
metric pressure).  The  caloric  value  of 
the  gas  was  4880  Cal.  per  cubic  meter. 

In  the  above-mentioned  institution 
the  mean  hemispherical  efficiency  of 
the  source  of  light  (unless  any  other 
particular  method  is  specially  desired) 
is  determined  as  follows  :  The  burner 
is  rotated  around  its  vertical  axes 
and  readings  are  taken  in  eight  different 
positions.  Subsequently  readings  at 
intervals  of  10  degrees  in  a  vertical 
flame  are  taken,  and  the  polar  curve 
obtained.  Then  the  calculation  is  made 
by  aid  of  the  Rousseau  curve  in  the 
usual  way. 

2.  The  renewal  of  the  mantles  in- 
tended for  out-door  hghting  should  be 
effected  when  their  efficiency  has 
diminished  by  20  per  cent.  Tests  con- 
cerning the  efficiency  of  street  lamps 
are  seldom  taken,  but  when  this  is 
done  the  Brodhun  street  photometer  is 
generally  employed. 

4.  In  our  most  important  gas  works 
the  adjustment  and  cleaning  of  globes, 
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as  well  as  the  replacement  of  mantles, 
is  not  carried  out  by  the  gas  company 
itself,  but  especially  by  sellers  of 
mantles.  Small  gas  works  sometimes 
undertake  this  maintenance  for  some 
fixed  price.  It  would  be  very  beneficial 
if  all  gas  companies  would  do  so,  seeing 
that  the  adjustment  and  cleaning  of 
burners  is  not  only  in  the  interest  of 
the  gas  companies,  but  would  be 
welcomed  by  the  consumers.  Another 
beneficial  plan  would  be  for  both  gas 
or  electric  burners  to  be  maintained 
by  some  independent  company  for  a 
fixed  price  per  annum. 

5.  It  is  not  necessary  to  screen 
high-pressure  lamps  in  the  streets  with 
some  form  of  diffusing  globe  since  the 


Graetzin  high-pressure  gas  lamps  4,600 
British  candles  at  a  gas  -  consump- 
tion of  71*4  cubic  feet,  which  corre- 
sponds to  64'3  candles  per  cubic  foot. 
The  pressure  used  amounts  to  about 
54  in.  water  ;  the  highest  efficiency 
attainable  with  low-pressure  gas  lamps 
is  42 '9  candles  per  cubic  foot ;  this 
efficiency  is  obtained  with  "  Triumph  " 
Graetzin  low-pressure  high  candle-power 
lamps  of  about  920  British  candles  at  a 
gas  consumption  of  21*4  cubic  feet  per 
hour,  and  it  may  be  pointed  out  that 
this  lamp  produces  its  highest  candle- 
power  (1100  c.-p.)  at  an  angle  of  about 
40-50°.  The  accompanying  curve  of 
this  lamp  shows  that  its  light- 
distribution   resembles    that    of  the 
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intrinsic  brilliancy  of  such  mantles 
is  very  much  less  than  that  of  the 
electric  fight. 

Experience  of  the  high  pressure 
street  gas  lighting  in  Berfin  suggests 
that  the  eye  is  not  too  much  affected 
by  the  glare  of  open  pressure  -  gas 
lighting  ;  but  indoors  it  is  advisable 
to  screen  high-pressure  gas  lamps  by 
some  diffusing  globe. 

Herr  M.  Scholz  (Director  of  Messrs. 
Ehrich  &  Graetz,  Berlin)  : — 

1.  The  maximum  efficiency  obtain- 
able in  practice  at  the  present  time  is 
according    to    my    experience  with 


high -pressure  gas  lamp,  and  is  of  the 
best  type  for  street  fighting  purposes. 
The  high  efficiency  mentioned  above 
has  been  obtained  by  super-heating 
both  the  primary  air  supply,  and  the 
gas  and  air  mixture.  The  pressure 
of  this  lamp  is  controlled  by  an  auto- 
matic gas  governor  arranged  on  top 
which  keeps  the  gas  inside  the  lamp 
under  a  constant  pressure  of  r35  in. 
Another  type  yielding  about  550  British 
candles  at  a  gas  consumption  of  14*2 
cubic  feet  per  hour  (equal  to  38*7 
candles  per  cubic  foot)  is  being  ex- 
tensively employed  in  the  fighting  of 
Berfin, 


736 


THE  ILLUMINATING  ENGINEER. 


The  most  accurate  method  of  express- 
ing the  efficiency  of  a  lamp  is,  in  my 
opinion  the  calculation  of  the  mean 
lower  hemispherical  candle-power,  the 
measurements  of  the  different  angles 
to  be  taken  at  intervals  of  10  degrees. 

2.  The  average  life  of  a  mantle  for 
low  pressure  indoor  and  outdoor  light- 
ing should  not  be  less  than  500  burning 
hours,  for  outdoor  high-pressure  light- 
ing not  less  than  200-300  burning  hours. 
It  depends,  however,  entirely  on  the 
quality  of  mantle  used.  It  is  essential 
only  to  make  use  of  the  very  best 
quality,  especially  in  the  case  of  high- 
pressure  lighting. 


Results  of  tests  showing  the  fall  of 
candle-power  during  the  life  of  modern 
low  and  high-pressure  mantles  are  at  the 
present  time  not  at  my  disposal. 

3.  We  are  about  to  study  this 
question,  but  at  the  present  time  I 
cannot  give  any  definite  information. 

5.  I  do  not  think  it  desirable  to 
provide  high-pressure  gas  lamps  with 
some  form  of  diffusing  globe,  the 
intrinsic  brilliancy  of  these  lamps  not 
being  sufficient  to  injure  the  eyes  of 
the  public,  provided  always  the  lamp 
is  not  hung  any  lower  than  17  ft. 
(height  of  the  mantles  above  the  road- 
surface). 


Incandescent  Gas  Lighting. 

By  M.  C.  Whitaker. 


(Some  Notes  on  a  Paper  read  before  the  Philadelphia  Section  of  the  Illuminating  Engineering  Society,  U.S.A. 

May,  1910.) 


In  this  paper  Mr.  Whitaker  reviews 
the  recent  progress  in  incandescent  gas 
lighting.  Seeing  that  this  number  of 
the  Journal  is  specially  devoted  to  this 
subject,  it  occurred  to  us  that  a 
summary  of  some  of  the  main  points 
raised  might  be  of  interest. 

Fixtures. 
There  has  been  a  marked  improve- 
ment in  fixture  design  both  in  regard 
to  artistic  effect  and  structural  value, 
but  there  is  still  a  tendency  to  keep 
prices  far  too  low  to  produce  really 
satisfactory  fixtures.  Manufacturers 
are,  however,  quite  ready  to  meet 
any  exacting  conditions  that  the  archi- 
tect or  illuminating  engineer  may 
choose  to  impose.  It  is  a  question  for 
co-operation. 

Electric  Gas  Ignition. 
There  are  two  important  methods 
of  ignition  commonly  adopted.  In  the 
one  case,  a  wire  filament  is  heated  to 
incandescence  by  an  electric  current  in 
order  to  ignite  the  flame.  In  the  other 
method  a  special  platinum  alloy  fila- 
ment is  heated  by  catalytic  action  when 
placed  in  the  path  of  a  mixture  of  gas 
and  air,  and  finally  becomes  incan- 


descent and  ignites  the  gas.  The 
difficulty  with  the  latter  method  is  to 
control  the  action  of  the  gas  so  as  to 
prevent  it  from  continuing  too  long 
and  melting  the  filament. 

The  most  recent  form  of  igniter 
combines  the  above  principles,  that  is 
to  say  the  initial  heating  of  the  filament 
is  brought  about  by  a  current  from  a 
dry  cell,  whilst  the  kindhng  tempera- 
ture is  subsequently  reached  by  the 
catalytic  action  of  the  gas.  The  dry 
cell  is  arranged  to  produce  a  tempera- 
ture in  the  filament  high  enough  to  in- 
duce catalytic  action,  say  500°C.  The 
igniter  is  then  designed  so  that  the 
amount  of  gas  and  air  mixture  ad- 
mitted to  the  filament  is  limited  to  that 
necessary  to  raise  the  temperature  of 
the  filament  to  the  kindling  point  of 
the  mixture  (say  from  1500°  to  1600°  C). 
Finally  it  is  of  importance  that  the 
apparatus  should  be  so  designed  that 
as  soon  as  ignition  has  taken  place, 
any  stray  currents  of  active  mixture  are 
automatically  swept  out  or  exploded 
in  order  to  avoid  risk  of  the  filament 
temperature  being  brought  too  near  the 
melting-point  by  this  means. 

In  the  simplest  arrangement  the  act 
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of  pulling  a  chain  to  turn  on  the  gas 
tap  makes  the  electrical  circuit  for 
igniting  the  burner  ;  when  the  hghting 
chain  is  released  the  lever  falls  back  and 
breaks  the  electric  circuit,  but  leaves 
the  gas  on.  Another  device  uses  a 
magnetic  cock  for  turning  on  and  off  the 
gas,  with  an  attachment  to  close  the 
lighting  circuit  when  required. 

Outside  and  Indoor  Lighting. 

The  problem  of  constructing  a  lamp 
to  withstand  thoroughly  the  elements, 
and  yet  to  give  good  combustion 
has  been  attacked  wdth  much  success, 
especially  in  inverted  lamps. 

The  author  refers  to  the  standardiza- 
tion of  single  unit  burners  in  two  sizes  ; 
one  for  use  with  a  mantle  3J  in.  by 
1  in.,  and  the  other  for  a  smaller 
mantle,  2J  in.  by  fin.  These  two 
sizes  are  becoming  almost  exclusively 
used. 

Mantles. 

It  is  possible  for  the  mantle  manu- 
facturer to  control  the  colour  of  the 
light  from  mantles  within  certain 
limits,  but  up  to  the  present  the  demand 
has  been  almost  exclusively  for  mantles 
yielding  a  white  light. 

It  is  found  that  when  the  proportions 
of  the  constituents  are  99  per  cent, 
oxide  of  thorium  and  1  per  cent,  oxide  of 
cerium,  the  most  efficient  light  is  pro- 
duced. The  curve  in  Fig.  1  shows 
the  change  in  illuminating  power 
according  to  the  percentage  of  ceria, 
and  a  progressive  colour  change  is 
found  to  take  place  at  the  same  time 
from  purplish -white  to  orange-yellow. 

Ramie  fibre  gives  a  much  stronger 


mantle  than  cotton,  and  the  shrinkage 
and  change  of  shape  is  much  less  ;  the 
mantle  is,  however,  much  more  brittle. 
The  deterioration  in  light  amounts  to 
from  35  or  40  per  cent,  in  a  1,000  hours 
for  cotton,  but  is  only  15  or  20  per  cent, 
for  Ramie.  The  best  results,  how- 
ever, have  been  obtained  with  artificial 
fibre  made  from  cellulose.  In  this  case, 
it  is  stated,  there  is  practically  no 
deterioration  after  2,000  hours  and 
only  5  to  10  per  cent,  after  4,000  hours. 
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Per  cent  of  ceria. 
Fig.  1.— Relation  between  candle-power  and 
per  cent,  of  ceria. 

Photographs  of  mantles  are  given  in 
the  paper  showing  the  shrinkage  after 
periods  of  burning  ranging  from  iOO 
hours  to  4,000  hours.  In  this  way  it  is 
possible  to  follow  closely  the  progressive 
physical  changes  that  take  place  as 
well  as  to  determine,  by  photometric 
measurement,  the  decrease  of  illuminat- 
ing power,  during  the  fife  of  a  mantle. 

Finally  reference  is  made  to  the 
problem  of  satisfactory  packing.  The 
author  points  out  how  square  boxes 
are  replacing  the  old  cylindrical  form, 
on  account  of  their  many  advantages, 
especially  in  regard  to  the  ease  of 
removal  of  the  mantle  from  the  box. 


New  Developments  in  Gas  Lighting. 

By  F.  Lebeis  (Berlin). 

(Notes  on  a  recent  paper  read  before  the  German  Institution  of  Gas  Engineers ;  Journal  fur  Gasbeleuchtung 
Wasserversorgung,  November  12th,  1910.) 

In  the  last  article  some  reference  was  the  upright  mantle,  which,  he  suggested, 

made  to  recent  progress  in  gas  Hghting  was  not  so  great  as  was  sometimes 

in  the  United  States.    It  is  interesting  sujpposed.    The  inverted  mantle  is  cer- 

to  observe  that  a  paper  on  a  similar  tainly  a   great   advance  on   the  old 

subject  was  recently  read  by  Herr  upright  type  ;    but  improved  design 

Lebeis  in  Berlin.  has    led   to    a    considerably  greater 

One  of  the  points  discussed  was  the  efficiency  on  the  part  of  upright  burners 

alleged  superiority  of  the  inverted  to  of  recent  years.    Moreover,  Herr  Lebeis 
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added,  there  are  some  cases  in  which 
an  upright  mantle  is  better  than  an 
inverted  one.  For  example  in  some 
interiors  an  in\rerted  light  is  not  satis- 
factory because,  while  it  accentuates 
the  illumination  below  the  lamp,  it 
throws  relatively  little  light  on  to  the 
walls  and  ceiling  of  a  room,  so  that  they 
appear  relatively  subdued  and  in  the 
shadow,  and  their  aesthetic  value  is 
somewhat  lost.  Again,  it  is  well  known 
that  the  upright  burner  is  less  affected 
by  fluctuations  in  pressure  and  easier 
to  adjust  than  the  inverted  type.  In 
street  lighting  the  inverted  light  has 
recently  been  given  the  preference  but 
in  many  towns  financial  considerations 
do  not  allow  this  replacement  to  take 
place. 

The  author,  therefore,  thought  it  of 
interest  to  mention  a  new  type  of 
burner,  called  the  "  Gobobrenner," 
brought  out  by  the  Deutsche  Gasgliih- 
licht  Aktiengesellschaft.  The  essential 
point  in  this  burner  is  that  the  tube 
conveying  the  gas  up  to  the  mantle 
is  supplied  with  a  non-conducting 
covering  insulating  it  from  the  outside 
air  so  that  less  heat  is  lost  by  radia- 
tion and  by  conduction  to  the  metal 
gallery  of  the  burner,  and  substan- 
tial increase  in  flame  temperature 
is  said  to  be  secured.  In  this  upright 
mantle  a  consumption  of  only  1  litre 
per  H.K.  is  secured  (25' 2  candles  per 
cubic  foot).  Another  improvement 
recently  introduced  consists  in  a  form 
of  regenerative  inverted  lamp  capable  of 
burning  on  ordinary  pressure  of  40 


milHmetres  and  without  any  special 
compressing  apparatus,  in  which  a 
consumption  of  0*69  litres  per  H.K. 
(approx.  37*5  candles  per  cubic  foot)  and 
200,  600,  or  1,000  candle-power  can 
be  secured. 

In  the  construction  of  high-pressure 
lamps  considerable  progress  has  also 
been  made  by  the  utilization  of  the 
system  of  pre-heating  not  only  the 
primary  air,  but  also  the  mixture  of 
gas  and  primary  air  supplied  to  the 
burner.  The  increased  flame  tem- 
perature resulting  leads  to  a  consump- 
tion as  low  as  0*4  litres  per  H.K. 
(approx.  64  candles  per  cubic  foot). 
The  same  efficiency  is  secured  with  these 
lamps  when  high  pressure  air  is  used 
with  gas  at  ordinary  pressure. 

The  question  may  well  be  raised 
how  far  one  can  proceed  with  this 
increase  in  temperature  secured  by 
initial  heating  of  gas  and  air.  The 
author  suggests,  however,  that  the 
limits  in  this  direction  have  been  nearly 
reached,  for  any  great  increase  would 
either  have  the  effect  of  decomposing 
the  illuminating  gas  or  else  would  bring 
the  mixture  to  the  ignition  point. 

In  the  high  candle-power  lamps  a 
cluster  of  several  burners  has  been  found 
preferable  to  one  big  one,  partly  because 
any  failure  or  deterioration  of  one  of  a 
group  of  mantles  has  less  effect  on  the 
total  light,  and  also  because  special 
arrangements  can  be  provided  enabling 
a  defective  mantle  to  be  replaced 
without  the  supply  to  the  others  being 
interrupted. 


Conversazione  of  the 

On  November  16th  a  conversazione 
was  held  to  celebrate  the  opening  of 
the  new  premises  of  the  Society  of 
Architects  at  28,  Bedford  Square, 
London.  The  ground  floors  were  trans- 
formed into  refreshment  rooms  and 
the  first  floor  into  reception  rooms  for 
the  occasion. 

Bisides  th  ^  new  premises  an  addi- 
tional attraction  was  the  exhibition  of 
))rizc  drawings  and  designs  executed  in 
competition  for  the  travcUing  scholar- 
8hij)H  of  the  Stjciety,  and  sketches  and 
photographs  of   British,  French,  and 


Society  of  Architects. 

Belgian  cathedrals  and  churches  were 
also  on  show.  A  number  of  distin- 
guished visitors  were  present,  including 
the  President  of  the  Royal  Institute 
of  British  Architects  and  other  pro- 
minent architects.  There  was  an  excel- 
lent attendance  of  members,  many 
accompanied  by  ladies,  and  the  evening 
was  a  most  successful  one. 

Among  other  items  of  interest  we 
note  the  opening  meeting  of  the 
R.I.B.A.,  on  Thursday,  November  17th, 
when  an  address  was  delivered  by  the 
new  President,  Mr.  Leonard  Stokes. 
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A  Few  Queries  in  Connexion  with  Electric  Lighting. 

(To  which  replies  are  invited  from  readers  of  this  journal,  members  of  the 
Illuminating  Engineering  Society,  and  others  interested  in  matters  connected 
with  illumination.) 


In  our  last  number  we  published  a 
series  of  queries  dealing  with  gas 
lighting. 

Readers  are  aware  that  the  next 
meeting  of  the  Illuminating  Engineer- 
ing Society  on  December  9th,  is  to  be 
devoted  to  a  paper  entitled  '  Recent 
Progress  in  Electric  Lighting  '  by  Prof. 
E.  W.  Marchant,  and  in  this  connexion 
we  have  prepared  a  corresponding 
list  of  queries  dealing  with  points  on 
which  more  definite  information  would 
be  of  value. 

We  contemplate  submitting  this 
series  of  inquiries  to  authorities  on 
electric  lighting  in  this  and  other 
countries  from  whom  we  hope  to  receive 
much  useful  information : — 

1.  What  is  the  maximum  efficiency 
attainable  from  modern  incandescent 
lamps,  arc -lamps,  vapour  lamps,  &c.,  in 
practice  ? 

What  do  you  regard  as  the  most  accurate 
and  convenient  method  of  expressing 
"  efficiency "  {i.e.,  in  terms  of  mean 
spherical  C.P.,  mean  hemi-spherical  CP., 
or  candle-power  in  some  prescribed 
direction;  watts  per  CP.,  CP.  per  watt,  or 
lumens  per  watt,  &c.)  ? 

What  useful  life  may  be  looked  for  from 
modern  incandescent  lamps  and  what  is 


the  maximum  number  of  burning  hours 
now  to  be  secured  for  under  the  most 
favourable  condition  from  open,  enclosed, 
and  flame  arc-lamps  at  the  present  time  ? 

2.  What  system  of  electric  lighting 
yields  the  closest  approximation  to  the 
spectrum  of  daylight,  and  what  special 
arrangements  can  be  conveniently  applied 
to  obtain  this  result  efficiently  ? 

3.  What  is  the  best  method  of  testing 
the  steadiness  of  electric  sources  of  light, 
and  what  variation  should  be  regarded 
as  permissible  in  practice  ? 

4.  How  far  is  it  possible  and  desirable 
for  electric  supply  companies  to  assist 
consumers  in  the  location  and  use  of 
lamps  and  fixtures  with  a  view  to  securing 
the  best  conditions  of  illumination  ? 
What  form  of  co-operation  is  to  be  recom- 
mended for  future  adoption  between  the 
lamp-maker  and  the  central  station,  and 
what  facilities  already  exist  in  this 
direction  ? 

5.  To  what  extent,  in  your  experience, 
will  illuminating  engineers  be  hampered 
in  drawing  up  lighting  specifications,  by 
the  absence  of  precise  standardisation  of 
lamps,  lampholders,  shades,  and  reflectors 
such  as  exists  in  the  United  States  ? 

6.  In  view  of  the  greater  brilliancy  of 
modern  incandescent  and  arc-lamps  is  it 
desirable  that  some  form  of  diffusing 
globe  should  be  employed  to  screen  lamps 
in  the  streets  and  in  interiors  ? 


The  Generation  of  Electr 

The  most  important  attraction  on  the 
occasion  of  the  opening  meeting  of  the 
Institution  must  have  been  Mi.  Fer- 
ranti's  Presidential  Address  ;  this  has 
been  very  full  dealt  with  in  the  electrical 
papers.  Mr.  Ferranti,  as  those  who 
knew  him  might  readily  have  expected, 
ei;nbarked  on  a  fascinating  and  ima- 
ginative discussion  of  the  future  system 
of  generating  electrical  power.  He 
drew  a  picture  of  mighty  central 
stations  distributed  over  Great  Britain, 
generating  energy  at  the  mouth  of  a 
coal  pit,  and  distributing  it,  in  immense 
quantities,  at  the  rate  of  one  eighth 
of  a  penny  per  unit.  Besides  the 
application  of  electricity  to  innumer- 


cal  Power  in  the  Future. 

able  purposes  in  industry  and  daily 
life,  Mr.  Ferranti,  also  pictured  the 
fixation  of  nitrogen  from  the  atmosphere 
on  a  large  scale,  the  raising  of  gigantic 
crops  as  a  result,  and  even  the  ultimate 
electrical  subjugation  of  the  weather. 

Possibly  few  of  us  may  Uve  to  see 
the  conditions  foreseen  by  Mr.  Ferranti. 
But  it  is  useful,  sometimes,  to  escape 
from  the  purely  practical  contemplation 
of  things  as  they  are,  and  to  fix  our 
eyes  on  the  visionary  possibilities  of 
the  future  ;  such  addresses  as  this  do 
much  to  stimulate  the  imagination 
and  indirectly  lead  to  new  develop- 
ments in  industry  which  might  other- 
mse  never  have  been  initiated. 


740 


THE  ILLUMINATING  ENGINEER. 


NEW  INSTALLATIONS. 


Notes  on  the  Lighting  of  the 
of  Electrical 

On  Thursday,  November  10th,  the 
opening  meeting  of  the  Institution  of 
Electrical  Engineers  was  held,  and  the 
new  President,  Mr.  S.  Z.  de  Ferranti, 
delivered  his  address  for  the  session. 

The  meeting  was  also  of  special 
historic  interest  in  view  of  the  fact 
that  this  was  the  first  occasion  of  the 
Institution  meeting  in  its  new  home 
on  the  Victoria  Embankment.  It  will 
be  recalled  that  in  June,  1908,  it  was 
decided  to  purchase  the  building, 
formerly  belonging  to  the  Royal  College 
of  Physicians  at  a  cost  of  £50,000  ; 
in  the  subsequent  year  a  further  re- 
building and  re-decoration  of  part  of 
the  building  to  suit  the  Institution's 
needs  was  also  commenced,  the  archi- 
tects being  Messrs.  H.  Percy  Adams, 
and  Charles  Holden. 

It  was  naturally  a  matter  of  interest 
to  many  members  to  note  the  details  of 
the  system  of  lighting  employed  in  the 
various  rooms,  and  especially  the 
lecture  theatre,  which  was  known  to 
have  been  the  subject  of  special 
study. 

The  first  effect  observed  was  the 
illumination  of  the  entrance  vestibule 
(communicating  direct  with  the  lecture 
theatre)  by  hanging  clusters  of  lamps 
in  cut-glass  bowls.  The  walls  and 
pillars  are  faced  with  white  marble, 
with  the  result  that  an  unusually  high 
uniform  Ijrightness  of  the  surroundings 
is  o})taincd.  From  some  figures  sup- 
plied to  us  by  a  correspondent  we  note 
that  the  surface  brightness  of  the  floor 
walls  and  pillars  is  in  general  in  the 
neighbourhood  of  1*5  foot  -  candles  : 
in  some  cases,  however,  where  there 
arc  portioas  in  comparative  shadow, 


New  Home  of  the  Institution 
Engineers. 

falling  to  about  0*5  foot-candles.  It 
may  be  added  that  this  principle  of 
utilizing  light  tinted  ceilings  and  sur- 
roundings has  been  followed  through- 
out in  the  corridors  and  in  the  library 
of  the  Institution. 

The  most  interesting  feature,  how- 
ever, is  the  lighting  of  the  lecture 
theatre.  It  was  early  determined  to 
avoid  anything  in  the  nature  of  a  glare 
in  this  room  and  recourse  was  had  to 
a  system  of  partial  inverted  lighting. 
The  room  is  about  50  ft.  square,  and 
the  walls  are  faced  in  mahogany.  The 
walls  terminate  in  a  sloping  white 
frieze  round  the  base  of  which  a  series 
of  220  25  watt  tungsten  lamps  are 
concealed.  These  lamps  illuminate  the 
frieze  strongly,  and  the  room  is  thus 
girdled  with  a  ring  of  brightly  illu- 
minated white  surface,  from  which 
the  major  part  of  the  illumination  is 
derived.    (See  Fig.  2.) 

The  ceihng  of  the  room,  however, 
consists  of  latticed  diffusing  glass 
divided  into  four  portions  by  two 
white  cross  bars  which,  like  the  frieze, 
are  ornamented  by  carving.  Above 
each  of  these  four  portions  is  placed 
a  350  watt  quartz-tube  mercury  vapour 
lamp  the  light  from  which,  softened 
both  by  the  globes  of  the  lamps,  and 
also  to  some  extent  by  the  latticed 
glass  of  the  ceihng,  streams  into  the 
room  below  and  assists  the  illumination. 
The  total  consumption  of  power  from 
the  carbon  filament  lamps  alone  is  thus 
of  the  order  of  2  watts  per  square  foot 
of  floor-area. 

We  are  indebted  to  a  correspondent 
for  some  data  regarding  the  illumina- 
tion produced.    The  illumination  on 
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[By  the  courtesy  of  'The  Electrician.' 


Fig.  1.— Library  at  the  New  Home  of  the  Institution  of  Electrical  Engineers  (London). 


Fig.  2.— Showing  method  of  indirect  illumination  in  the  Lecture  Theatre  at  the  New 
Home  of  the  Institution  of  Electrical  Engineers  (taken  by  artificial  light). 
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the  President's  and  the  Press  table  is 
shghtly  over  2  foot-candles,  verging 
to  about  1*8  as  the  sides  of  the  room 
are  approached.  The  illumination  at 
different  parts  of  the  theatre  averaged 
about  rS  foot-candles  the  lowest  figure 
recorded  being  about  1'4,  immediately 
against  the  AVall,  where  part  of  the  illu- 
minated frieze  is  inevitably  obscured 
by  the  cornice  above.  It  will  there- 
fore be  seen  that  very  uniform  illu- 
mination over  the  floor  area  has  been 
secured.  A  measurement  was  taken 
of  the  illumination  due  to  the  metallic 
filament  lamps  alone,  the  mercury 
lamps  alone  and  both  together.  It 
appeared  that  the  illumination  due  to 
the  metallic  filament  lamps  only  was 
1*6  foot  -  candles,  that  due  to  the 
mercury  lamps  slightly  over  0*5.  It 
is  interesting  to  observe  that  these 
two  individual  illuminations  add  up 
very  closely  to  what  the  combined 
illumination  proved  to  be.  We  are 
also  informed  that  the  surface-bright- 
ness of  the  white  frieze  varied  from 
about  5  foot-candles  near  the  centre 
to  nearly  10  at  the  corners  (where 
there  is  mutual  reflection  between  the 
adjacent  portions  of  the  frieze),  and 
that  the  surface-brightness  of  the 
mahogany  walls  is  about  0*3  foot- 
candles. 

This  surface-brightness  of  the  frieze 
proves  to  be  just  about  what  theo- 
retical considerations  would  suggest  as 
being  necessary  to  produce  the  given 
illumination. 

The  method  of  illumination  employed 
has  thus  the  merit  that  no  surface  of 
inconveniently  high  intrinsic  brilliancy 
is  exposed  to  the  eye,  and  the  com- 
bination of  indirect  lighting  with  the 
central  direct  illumination  from 
mercury  lamps  is  distinctly  original. 
It  may  be  noted  that  the  latter  throw 
several  cross -shadows  though  these 
are  naturally  not  very  perceptible  in 
view  of  the  predominance  of  the  in- 
direct lighting  which  is  practically 
shadowless. 

Special  arrangements  are  also  pro- 
vided for  the  lantern,  built  into  a 
special  gallery  at  the  back  of  the 
theatre,  from  whence  the  cornice  light- 
ing is  controllable  in  sections.  The 
necessary  switches  and  rheostats  for 


the  control  of  the  lantern  are  provided 
in  this  chamber,  and  the  raising  ind 
lowering  of  the  lantern  screen  can  ^Iso 
be  accomplished  by  the  lantern  operaior. 

As  regards  the  lighting  in  other 
portions  of  the  building,  the  chief  itiem 
of  interest  is  the  library,  at  present 
lighted  by  two  parallel  rows  of  fixtures 
each  row  containing  six  clusters  "!  of 
tungsten  lamps  in  cut-glass  bowls. 
The  arrangements  here  are  not  yet 
complete  as  table  lamps  have  to  i  be 
added,  and  special  lights  will  ajlso 
be  provided  under  the  gallery  to  illu- 
minate the  lower  shelves.  The  figutes 
given  by  our  correspondent  for  the 
present  illumination  of  the  central 
tables  are  1  to  1-3  foot-candles,  accord- 
ing to  position,  and  0*8  foot-candles  for 
the  vertical  illumination  on  the  lower 
book  shelf. 

The  Common  Room  and  Council 
Room  are  provided  with  chandeliers 
placed  at  intervals  and  fitted  with 
tungsten  lamps  in  frosted  glass  globes. 
It  may  be  added  that  the  wiring  has 
been  carried  out  by  Messrs.  Drake  & 
Gorham  on  the  Kalkos  system,  and 
that  the  cut-glass  and  metal  work 
fittings  are  from  Messrs.  Osier  and  the 
Birmingham  Guild  respectively. 

We  regret  that  conditions  of  space 
prevent  our  referring  to  other  details  in 
the  equipment  of  the  building  as 
fully  as  we  should  like  to  do.  Readers 
who  desire  fuller  particulars  regarding 
other  electrical  details  are  invited  to 
study  the  accounts  in  our  contempor- 
raries,  e.g.  The  Electrical  Review  (Nov. 
11th),  The  Electrician  (Nov.  11th),  &c. 
One  special  item  to  which  attention 
may  be  directed,  however,  is  the 
master  clock  in  the  Common  Room, 
electrically  controlling  14  dials,  in 
other  parts  of  the  building.  The 
motion  of  the  pendulum  in  this  case 
actuates  a  small  armature  which  gene- 
rates and  transmits  current  to  the  other 
clocks  at  each  swing,  and  renders  the 
use  of  dry  cells  unnecessary. 

In  conclusion,  we  have  only  to  ex- 
press the  hope  that  the  great  pains  and 
trouble  which  have  been  expended 
on  the  Institution's  new  home  will  - 
bear  good  fruit,  and  that  its  prosperity 
may  be  even  greater  in  the  future  than 
in  the  past., 
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II. — The  Illumination  of  the  Home  of  the  Institution  of  Electrical 

Engineers. 

(The  last  of  this  Series  of  Conversations,  devoted  to  "  Glare,"  will  be  found  in  Vol.  II.,  p.  765,  1909). 


The  Electrical  Engineer  led  his  guests 
proudly  into  the  entrance  hall. 

"  In  this  building,"  he  said  impres- 
sively, "  you  will  see  the  very  latest 
triumphs  of  electrical  lighting.  Every- 
thing has  been  carefully  thought  out. 
Notice,  for  example,  this  palatial  white 
marble  entrance.  The  reposeful 
monotony  of  shade  in  the  white  pillars, 
white  walls,  and  white  floor  is  not  with- 
out intention.  It  inclines  the  mind  to 
study.  It  leads  us  to  assume,  in- 
sensibly, an  attitude  of  submissive 
expectation  before  entering  the  lecture 
theatre.    Now  watch  !  " 

He  opened  the  door  of  the  theatre. 
What  do  you  think  of  it  ?  "  he 
inquired. 

The  Philosopher  looked  at  him 
rather  dubiously. 

"What  do  you  think  of  it,"  he 
rejoined,  hedging. 

Well,  you  've  kept  your  beastly 
glaring  metalHc  filaments  out  of  sight, 
any  way,"  said  the  Man  of  Sense 
cheerfully. 

Indeed  we  have/'  said  the  Electrical 
Engineer,  "  Here  you  see  a  complete 
absence  of  glare,  and  yet  we  have 
avoided  the  impression  of  flatness  which 
is  one  of  the  chief  objections  urged 
against  indirect  hghting.  The  play  of 
shadow  in  the  carving  of  the  frieze 
and  cross  pieces  prevents  that.  And 
the  plan  of  having  only  a  narrow  illu- 
minated frieze  with  a  square  centre 
illuminated  by  the  mercury  lamps 
outside  also  serves  to  break  up  the 
ceihng  and  prevent  monotony.  And 
yet  we  also  get  very  good  illumination. 
Two  foot-candles  my  friends  and  abso- 
lutely uniform  !  and  only  abut  2  watts 
per  square  foot  from  the  incandescent 
lamps.  However,  tell  me  again,  what 
do  you  think  about  it  ?  " 

Well,"  said  the  Philosopher  gravely, 


"  The  general  effect  seems  to  me  some- 
what too  spectacular — not  to  say 
theatrical.  That  green  light  now,  and 
the  shadows  of  the  latticed  glass  on 
the  moulded  edges  of  the  frieze — Is 
it  meant  to  represent  moonlight — with 
four  moons  ?  " 

"  It  seems  to  me,"  said  the  Man  of 
Sense,  after  thinking  deeply,  "  There 's 
something  missing  somehow.  You  say 
the  effect  is  not  flat,  but  I  can't  help 
thinking  the  '  noble  simplicity  '  of  this 
expanse  of  mahogany  wall  produces 
that  very  impression.  Somehow  the 
place  seems  empty — depressing." 

Impressive  you  mean,"  suggested 
the  Electrical  Engineer. 

"No,  sombre — dismal." 

"  Subdued,"  said  the  Philosopher. 

"No.  The  feehng  of  restraint  is 
quite  natural  and  appropriate  in  an 
interior  of  this  description.  It  natur- 
ally leads  the  mind  to  the  contemplation 
of  high  things.  It  suggests  serious 
and  weighty  discussions —  " 

"  And  is  therefore  appropriate  for  the 
meeting  -  place  of  a  great  Institution 
like  this,"  said  the  Electrical  Engineer 
delightedly  before  any  one  else  could 
speak. 

"  On  the  whole,"  said  the  Lighting 
Expert,  "  I  think  we  may  call  it  a 
successful  installation.  I  understand 
that  you  have  used  about  2  watts  per 
square  foot  of  floor  area,  and  though  I 
have  often  been  obhged  to  secure  as 
high  an  illumination  as  two  foot- 
candles  with  only  |  watts  per  square 
foot,  still  I  think,  under  the  circum- 
stances, the  consumption  is  not  too 
high.  But  I  question  whether  it  would 
not  have  been  better  to  do  \^'ithout  the 
mercury  lamps,  or  else  to  use  more 
completely  diffusing  glass  in  the  space 
below  them.  At  present  they  throw 
rather  curious  cross  shadows,  while  the 
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illumination  ^^dthout  them  is  practically 
shadowless.  I  might  suggest,  too,  that 
while  you  are  about  it  you  might  make 
the  brightness  of  the  frieze  uniform  all 
the  way  along.  It  could  easily  be  done 
by  adjusting  the  candlepower  of  the 
lamps,  putting  in  smaller  units  at  the 
corners  where  there  is  cross-reflection 
and  the  brightness  is  intensified. 

Another  point  is  that  the  pohshed 
wooden  border  at  the  base  of  the 
frieze  is  a  mistake.  It  leads  to  a 
certain  loss  of  light,  and  gives  rise  to 
a  very  odd  streaky  and  shiny  appear- 
ance Avhen  viewed  in  certain  directions. 

*'  As  regards  the  border,"  said  the 
Electrical  Engineer,  "  Of  course  I  am 
with  you.  It  is  bad  from  the  lighting 
standpoint,  but  it  is  rendered  necessary 
by  '  architectural  considerations.'  But 
it  would  be  impossible  to  put  in  glass 
dense  enough  to  appear  uniformly 
lighted  by  the  mercury  lamps.  It 
would  absorb  all  the  light  in  the 
daytime,  and  look  horrid  !  " 

"After  all,"  said  the  Philosopher, 
"  The  architect  is  within  his  rights  in 
insisting  on  his  brown  border.  He 
might  even  go  further  and  add  that  the 
effect  of  the  shadows  cast  on  the 
frieze  by  the  lights  below  is  most 
peculiar.  Natural  daylight  shadow  is 
never  thrown  upwards  in  this  way.  In 
the  same  way  it  is  open  to  question 
whether  people's  faces  appear  at  their 
best  when  lighted  exclusively  by  rays 
from  above. 

"Are  you  sure,"  said  the  Man  of 
vSense,  "  that  the  highly  uniform  illu- 
mination you  have  got  over  the  floor 
area  is  a  good  thing  ?  I  have  always 
imagined  that  a  lecture  hall  was 
something  like  a  theatre.  You  ought 
to  emphasize  the  position  of  the 
President  and  the  lecturer  by  a  stronger 
illumination  in  their  vicinity  leaving 
the  rest  of  the  place  relatively  weakly 
illuminated.  I  believe  the  impression 
of  '  something  wanting  '  springs  from 
the  fact  that  there  is  no  one  point  to 
whi(;h  attention  is  involuntarily 
directed.  Now  the  President's  chair 
ought  to  bo  such  a  point.  It  ought 
also  to  be  possible  to  give  special 
local  lighting  to  diagrams.  The  present 
illumination  may  be  high  enough  as 


far  as  absolute  value  is  concerned,  but 
it  won't  make  them  stand  out." 

"  For  my  part,"  said  the  Philosopher, 
"  I  still  object  to  the  stage  moonlight- 
It  is  true  that  a  certain  interest  is 
excited  by  the  contrast  between  this 
green  light  and  the  brownish  walls, 
and  the  effect  would  be  distinctly 
monotonous  without  some  such  diver- 
sion. But  it  doesn't  seem  quite  the 
thing  for  a  lecture  hall.  If  some  form 
of  lighting  in  the  centre  of  the  roof  is 
needed,  why  not  stud  the  various 
corners  with  symmetrically  placed 
frosted  incandescent  lamps  ?  This 
would  relieve  the  monotony  of  the  uni- 
form illumination  below." 

"  Well,  well,  wen  !  "  said  the  Elec- 
trical Engineer,  a  Httle  staggered  by 
the  assurance  of  the  Philosopher  and 
the  Man  of  Sense  .  in  having  decided 
views  on  the  purely  technical  question 
of  lighting,  "  Let 's  go  and  see  the 
rest  of  the  building." 

They  passed  in  due  course  through 
the  Common  Room,  the  Council  Room, 
and  the  Library  without  many  comments 
being  offered — perhaps  because  the 
Electrical  Engineer,  intolerant  of 
further  criticism,  hurried  them  through 
rather  quickly.  It  is  true  that  the 
Philosopher,  who  was  rather  tall, 
complained  of  the  obvious  solidity 
and  the  low  position  of  the  fixtures  in 
the  Common  Room  which,  he  said, 
gave  him  the  impression  that  he  would 
bang  his  head  if  he  did  not  move 
warily.  In  the  library,  however,  the 
lighting  expert  cried  a  halt. 

"  Why,"  he  said,  "  you  have  not  got 
nearly  enough  vertical  illumination 
on  the  lower  shelf  !  " 

The  Electrical  Engineer,  explained 
hastily  that  more  lights  were  to  be  in- 
stalled for  that  very  purpose. 

"  Oh  !  I  see.  But  look  here  !  Is 
it  right  for  these  hanging  lights  to  be 
hung  above  the  gangways  ?  That  is 
what  they  did  in  the  Patent  Office 
Library,  you  remember,  with  the  result 
that  they  had  to  improve  the  illumina- 
tion by  local  lamps  on  the  central 
tables.'*' 

The  Electrical  Engineer  regarded  the 
rows  of  hanging  fittings  somewhat 
dubiously. 
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"  I  believe  it's  in  accordance  with 
architectural  requirements,"  he  said 
at  length. 

Meantime  the  Man  of  Sense  had  been 
examining  the  journals  on  the  central 
table. 

"  I  don't  know  about  architectural 
requirements,"  he  exclaimed,  "  but 
I  do  know  I  jolly  well  haven't  got 
enough  hght  at  this  table  to  read  pro- 
perly." And  the  Philosopher  backed 
him  up. 

Some  little  time  after  the  Electrical 
Engineer,  having  seen  his  guests  safely 
off  the  premises,  met  Lumina. 

"  I  don't  know  what  people  are 
coming  to,"  he  grumbled.  "  Every 
one  seems  to  think  he  can  discuss 
lighting  nowadays. 

"  I  shouldn't  trouble  too  much," 
returned  Lumina,  "It  is  quite  true 
that  every  one  seems  to  be  talking 
illumination  now,  and  most  people 
have  views  of  their  own,  too. 
But  its  a  good  thing  for  you  in  the  long 
run.  Let  them  air  their  notions.  A 
few  years  ago  they  wouldn't  have 
taken  enough  interest  to  do  so." 

"  But  do  you  think  what  they  said 
is  true  ?  " 

"  Well,  they  said  rather  different 
things.  As  regards  the  library  I  think 
I  should  look  into  that  question  of  the 
illumination  on  the  central  tables,  just 
for  safety's  sake,  you  know. 

Of  course  the  system  of  lighting  in 
the  theatre  is  somewhat  novel,  and 


some  difference  of  opinion  must  be 
expected  ;  so  much  depends  on  mental 
attitude,  and  until  the  desirability  of 
uniform  lighting  has  been  more  tho- 
roughly discussed,  we  need  hardly  to 
commit  ourselves  to  a  definite  opinion, 
nor  decide  too  quickly  that  "the  last 
word  "  has  been  said  as  regards  electric 
interior  lighting.  We  must  wait  and  see. 

Moreover  it  need  not  be  assumed  that 
this  is  a  completely-finished  installa- 
tion. Any  new  effort  of  this  kind  must 
be  considered  to  some  extent  experi- 
mental, and  I  feel  quite  sure  that,  if  it 
appears  that  the  present  system  might 
profitably  be  supplemented  by  other 
special  arrangements,  the  Institution 
will  be  only  too  glad  to  consider  modi- 
fications in  order  to  get  the  very  best 
conditions  which  present  experience 
can  suggest. 

Meantime,  you  have  got  at  least 
two  things  to  congratulate  yourself 
upon.  Firstly,  you  have  got  an  in- 
stallation expressly  designed  to  avoid 
glare,  and  that's  one  important  point. 
Secondly,  whatever  the  results,  the 
illumination  has  at  least  been  scientific- 
ally designed  and  thought  out  on  a 
definite  plan.  A  few  years  ago  the 
thing  would  have  been  left  very  much 
to  fate.  Now  the  Institution  has 
shown  its  appreciation  of  the  fact  that 
illumination  deserves  care  and  thought 
and  I  regard  that  alone  as  one  of  the 
most  important  points  brought  home 
by  this  installation  !  " 


School  Lighting  ai 

In  an  article  dealing  with  defects  of 
vision  among  the  school  children  of 
Derbyshire,  which  appears  in  The 
Medical  Officer,  Dr.  Sidney  Barwise, 
the  County  Medical  Officer,  calls  atten- 
tion to  one  most  potent  cause  of  eye- 
strain, viz.,  allowing  the  child's  work 
to  be  too  near  to  him.  This  may  arise 
through  insufficient  illumination — "  the 
child  may  bend  over  his  book  because 
the  fighting  is  defective."  His  ex- 
perience also  seems  to  confirm  the 
suggestions  of  Dr.  Kerr  in  his  L.C.C. 
Report,*  with  reference  to  the  cramped 
*  Illuin.  Eng.,  Vol.  iii.,  p.  612. 


d  Defective  Vision. 

attitude  assumed  by  children  owing  to 
the  hght  coming  from  the  ^^Tong 
direction. 

Another  difficulty  is  that  the  desk 
does  not  always  fit  the  child,  so  that 
if  he  is  too  big,  he  has  to  bend  over  his 
work,  or  if  too  small  his  work  is 
too  near  his  eyes.  Dr.  Barwise  also 
suggests  that  it  would  be  desirable 
to  fit  wheels  to  one  end  of  the  desks, 
so  that  they  could  be  easily  wheeled 
from  room  to  room  as  occasion  required; 
there  could  then  be  less  excuse  for 
wrong  positions  from  the  fighting  point 
of  view. 
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Short  Notes  on  Illuminating  Engineering. 


From  all  Sources. 


The  Maintenance  of  Lamps  by  Gas 
Companies. 

The  following  extract  serves  to  confirm 
the  note  on  the  same  subject  in  our 
last  number : — 

As  soon  as  a  lamp  becomes  the  pro- 
perty of  the  storekeeper  he  wants  to 
take  care  of  it  himself,  and  claims  he 
can  do  it  as  well  as  the  gas  company,  and 
cheaper.  This  has  always  proved  a 
failure.  Whether  he  can  clean  it  as 
well  or  not,  he  fails  to  do  so,  and  the 
result  is  he  has  a  dilapidated-looking 
lamp  hanging  in  his  store  with  mantles 
broken  and  globe  dirty,  which  soon 
becomes  an  eyesore  not  only  to  the 
storekeeper  himself,  but  every  one  else 
who  passes  by  and  looks  in.  The  gas 
company  has  not  only  lost  the  main- 
tenance of  the  lamp,  but  a  consumer, 
and  perhaps  a  good  one.  The  chances 
are  that  they  will  never  be  able  to  get 
this  man  back  again  as  a  gas  con- 
sumer, because  he  feels  he  has  not 
received  the  value  of  the  money  he  has 
expended  in  buying  the  lamps,  and  is 
very  dissatisfied  with  his  investment. — 
Illuminating  Engineer,  New  York,  Sep- 
tember, 1910. 

Illuminated  Clocks  in  the  Tubes— 
an  Improvement. 

In  a  recent  article  in  this  journal  the 
unsatisfactory  methods  of  lighting  the 
dials  of  clocks  in  some  of  the  tube  rail- 
ways was  commented  upon.  It  was 
pointed  out  that  in  many  cases  the 
face  of  the  clock  received  no  special 
illumination,  and  also  that  it  was  pre- 
sented to  the  eye  with  a  background  of 
enclosed  arc-lamps  which  caused  the 


dial  to  look  absolutely  black  by  con- 
trast. 

An  arrangement  is  being  tried  at 
the  Highgate  tube  station  which  seems 
to  be  an  improvement  in  this  respect. 
The  clock  has  been  brought  somewhat 
lower  down,  so  as  to  be  less  in  the  direct 
line  of  the  arc -lamps  referred  to,  and 
a  shaded  glow-lamp  has  been  provided 
to  light  up  the  dial.  While  the 
method  might  no  doubt  be  improved 
upon,  the  arrangement  seems  at  least 
to  make  the  face  of  the  clock  easier  t  o 
distinguish  and  reduces  the  obscuring 
effect  of  the  surrounding  glare. 

How  to  Detect  "  Glare." 

Glare  may  be  roughly  defined  as  such 
an  intensity  in  a  luminous  body  as  to 
produce  indistinct  vision  of  that  body. 
In  a  general  way,  the  extent  of  glare  is 
measured  by  the  amount  of  blurring 
of  the  vision,  or  the  time  required  for 
the  vision  to  be  blurred  when  con- 
stantly looking  at  the  object.  Thus,  if 
you  look  directly  at  an  electric  arc  the 
effect  on  the  eye  is  of  seeing  simply  an 
intensely  bright  spot  with  indistinct 
outline.  Cut  down  the  brilliancy  with 
smoked  or  coloured  glass,  and  you  see 
that  there  is  no  such  bright  spot,  but 
simply  the  ends  of  the  carbons  in  a 
glowing  state.  This  represents  the 
highest  degree  of  glare  in  any  of  the 
artificial  light-sources.  On  the  other 
extreme,  if  you  look  at  a  common 
candle  flame  steadily  for  a  sufficiently 
long  period  the  outline  of  the  flame  will 
become  blurred,  but  with  a  normal  eye 
this  period  would  be  considerable.  This 
represents  the  minimum  glare  among 
the  most  familiar  light-sources. — Elec- 
trical Review,  N.Y.,  Oct.  1st,  1910. 
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Target  Lights. 

The  special  value  of  acetylene  as  a  high.    The  illustration  we  reproduce 

source  of  brilliant  illumination  in  situa-  here  shows  an  installation  of  acetylene 

tions  where  there  is  no   supply  of  carried  out  by  the  Imperial  Light  Co., 

ordinary  gas  or  electricity,  is  exem-  Ltd.,  to  whom  we  are  indebted  for^the 

plified  in  the  case  of  target  lighting.  use  of  the  block.    The  hght  is  of|^a 


Rifle  ranges  are  frequently  so  placed  portable  type,   similar  to  that  used 

that  the  provision  of  illumination  cannot  on  constructional  work  in  Birmingham, 

be  carried  out  from  the  public  service,  to  whichj|^wej[^ref erred  in  a  previous 

and  at  the  same  time  the  intensity  of  number.* 

illumination  required  is  exceptionally  "^lllum.  Eng.,  Vol.  iii.,  i9io,  p.  448.  " 


More  Precise  Measurement  of  Illumination  in  the  Streets  Needed 

There  is  now  a  growing  conviction  as  of  the  source  itself  rather  than  on  its 
to  the  need  of  precise  measurements  effectiveness  in  illuminating  the  street, 
of  illumination,  instead  of  mere  state-  Naturally  such  judgments  may  be  quite 
ments  based  on  personal  impressions,  misleading ....  It  is,  however,  interest- 
Take,  for  example,  one  subject  which  ing  to  notice  that  the  recent  contract 
is  receiving  very  close  attention  just  entered  into  between  the  Gas  Light 
now  in  view  of  the  keen  competition  and  Coke  Company  and  the  West- 
between  different  illuminants — namely,  minster  City  Council  for  hghting  some 
street  lighting.  For  a  long  time  the  of  the  principal  streets  established  one 
methods  adopted  of  judging  whether  important  precedent  in  that  it  was 
ratepayers  received  the  due  illumina-  based  on  the  actual  candle-power  pro- 
tion  were  based  on  visual  impression,  vided  by  the  lamps.  Without  going 
That  is  to  say,  the  councillors  paraded  into  the  details  of  the  method  of  testing 
the  streets  and  merely  looked  at  the  prescribed,  we  may  regard  this  contract 
sources.  In  many  cases  their  judg-  as  a  step  in  the  right  direction. — Times 
ment  of  the  efficiency  of  the  hghting  Engineering  Supplement,  ^ov.  9th,  1910, 
wasjbased  on  the  intense  brilHancy 
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The  Appearance   of  Illuminated 
Signs  by  Daylight. 

A  LARGE  number  of  the  illuminated 
signs  met  with  at  the  present  time  are 
by  no  means  as  effective  in  daylight 
as  when  they  are  hghted,  and  in  some 
cases,  as,  for  example,  in  ordinary 
flashing  signs  composed  of  a  large 
number  of  electric  lamps,  the  letters 
are  scarcely  sufficiently  clear  to  be 
read  easily  in  the  daytime. 

There  are  other  types  which  have  not 
this  faihng,  but  are  still  not  pleasing 
to  the  eye  when  seen  by  daylight,  and 
it  is  with  a  view  to  remedying  this 
defect  that  a  form  of  sign,  recently 
described  in  the  Revue  des  Eclairages, 
has  been  put  on  the  market. 

The  letters  are  constructed  in  rehef 
out  of  sheet  metal,  aluminium  or  tin, 
the  metal  being  perforated  with  a 
large  number  of  small  holes,  so  that 
by  day  the  surface  of  the  letters  appears 
quite  uniform,  and  similar  to  an 
ordinary  metalhc  sign.  At  night,  lamps 
are  lighted  behind  the  perforations,  the 
letters  become  luminous,  and  as  the 
perforations  are  small  and  close  to- 
gether, the  surface  appears  uniformly 
illuminated. 

It  has  also  been  found  possible  to 
use  gas  flames  for  the  illumination  of 
these  signs,  and  the  makers  have 
devised  an  arrangement  of  clockwork 
control  which  will  automatically  hght 
and  extinguish  the  gas  lamps  in  the 
same  manner  as  is  done  in  electric 
flashing  signs. 

Flower  Baskets  on  Lamp-Posts. 

It  has  often  been  pointed  out  that 
lamp-standards,  which  are  so  service- 
able for  illuminating  the  streets  in  the 
night-time,  are  not  always  ornamental 
objects  by  day.  Moreover  of  recent 
years  the  tendency  to  use  sources  of 
very  high  concentrated  brilliancy  has 
involved  the  use  of  correspondingly 
high  posts  which  are  much  more 
noticeable  objects  in  the  streets  than 
th(;  lower  standards  of  a  few  years  ago. 

In  our  last  number  we  drew  atten- 
tion to  the  dcsirabihty  of  improved 
design  from  the  artistic  standpoint. 


Meantime  we  notice  that  an  interesting 
private  effort  to  make  such  posts 
less  unsightly  is  being  made  in  Phila- 
delphia, U.S.A.  Several  merchants 
have  volunteered  to  decorate  the  posts 
facing  their  premises  with  baskets  of 
flowers  hung  at  half-way  up,  to  keep 
them  in  trim,  and  to  renew  the  baskets 
with  seasonable  flowers  during  the 
course  of  the  year.  In  this  way,  it  is 
suggested,  the  great  height  of  the 
lamp-posts  will  be  rendered  less  notice- 
able and  the  display  of  flowers  at  inter- 
vals will  add  a  touch  of  colour  to  the 
streets  and  help  to  render  them  attrac- 
tive and  pleasant  in  summer. 

Testing  the  Glare  in  Street 
Lighting. 

People  are  continually  pointing  out 
the  glaring  effect  of  many  sources 
used  for  street  lighting.  When  the 
eye  catches  sight  of  a  bright  light  in 
the  background  behind  an  approaching 
vehicle  its  outlines  are  difficult  to 
distinguish.  It  is  also  often  almost 
impossible  to  recognize  an  approach- 
ing person  for  the  same  reason — even 
when  the  general  illumination  is  quite 
high. 

Now  Mr.  P.  S.  Millar,  in  a  recent 
contribution  to  the  Electrical  World,'^ 
has  described  a  method  of  testing  the 
degree  of  glare  in  these  cases.  He 
points  out  that  the  ability  of  the  eye 
to  perceive  light  and  shade  is  very 
greatly  influenced  by  glare,  and  he 
makes  use  of  a  disc  having  round  its 
rim  a  graduated  scale  of  contrast. 

In  using  the  apparatus  the  observer 
first  places  a  dark  cloth  behind  the 
disc,  so  as  to  present  a  satisfactory 
background,  and  notes  what  contrast 
can  just  be  detected  by  the  aid  of  the 
available  street-illumination.  Next  he 
removes  this  cloth,  with  the  result  that 
his  eye  can  perceive  stray  bright  fights, 
and  a  second  observation  is  then 
taken.  The  observer  then  finds  that 
he  cannot  perceive  such  a  minute 
difference  in  light  and  shade  as  before, 
and  this  reduction  in  acuteness  of  vision 
can  be  taken  as  a  measure  of  the  glare 
effect. 

*  Elec.  World,  w  dU-m,  Oct.  20,  1J)1U. 
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TRADE  NOTES. 

[At  the  request  of  many  of  our  readers  we  are  extanding  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  pubhcation  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.]  _ 


An  Adaptation  Set  for  Converting  Upright  into  Inverted  Burners. 


Messrs.fA.  E.  Podmore  &  Co.  (34, 
Charles  Street,  Hatton  Garden, 
E.G.)  have  sent  particulars  of 
their  "Aladdin'^  Conversion  fit- 
tings, which  they  have  brought  out 
with  a  view  to  adapting  existing 
upright  burners  in  street  or  other 
outside  lamps  to  the  inverted  sys- 
tem, thereby  obtaining  the  economy 
of  the  more  modern  system  with 
the  least  possible  expense  in  con- 
version. The  fittings  can  be  hung 
directly  in  an  existing  lantern,  the 
reflector  being  made  to  suit,  and 
the  lamps  can  be  fitted  with  any 
number  of  burners  up  to  six  by 
means  of  the  ring  of  tubing  as 
shown  in  the  three-light  fitting 
illustrated  here.  All  that  is  neces- 
sary to  fit  the  lamp  is  to  connect 
this  ring  by  a  bent  piece  to  the 
original  vertical  pipe  in  the  standard. 
The  illustration  shows  one  of  a 
large  number  of  fittings  of  similar 
type  made  by  this  firm. 


The  Bland  Light 

Several  new  features  have  been  incor- 
porated in  the  latest  type  of  inverted 
incandescent  burner  made  by  the  Bland 
Light  Syndicate,  Ltd.  (29,  Little  Trinity 
Lane,  Queen  Victoria  Street,  London, 
E.G.).  In  connection  with  the  air  ad- 
mission, a  new  arrangement,  called  a 
dust-cap,  has  been  introduced  to  avcid 
the  choking  of  the  burner  or  nipple -point 
by  dust  and  dirt  entering  the  mixing 
chamber.  The  air  now  enters  the  cylin- 
drical chamber  (seen  in  the  illustration 
above  the  protecting  shell)  from  the 
bottom,  and  inside  this  chamber  passes 
through  slotted  holes  in  the  sides  which 
ar3  downwardly  inclined,  these  holes 
being  closed  by^  an  adjustable  shutter. 

The  bunsen  and  nozzle  are  now  made 
of  hardened  steatite,  the  old  steel  bunsen 
being  discarded.  Special  attention  has 
been  paid  to  the  quality  of  the  screw 
threads  in  the  various  parts  of  the  burner, 
as  this  has  been  found  a  source  of  trouble 
in  the  past. 


The  factory  lamp  which  we  illustrate, 
has  been  specially  designed  for  situations 


in  which  there  is  an  exceptional  amount 
of  dust. 
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The  Automatic  Ignition  of  Gas  Lamps. 


Among  the  most  interesting  problems  in 
modern  gas  lighting  may  be  mentioned 
that  of  securing  to  gas  the  advantage 
enjoyed  by  electricity  of  automatically 
kindling  and  extinguishing  lights  at  a 
distance.  Some  very  interesting  articles 
on  this  subject  have  recently  appeared^ 
and  we  take  this  opportunity  of  making  a 
brief  summary  of  some  of  the  systems 
which  have  been  referred  to  in  these 
columns  from  time  to  time  and  regarding 
which  we  have  recently  received  some 
additional  information  from  the  makers. 

The  subject  falls  into  two  divisions — 
public  and  interior  lighting.  The  advan- 
tage of  Gas  Companies  being  able  to 
control  their  lamps  from  the  station  is 
obvious  and  quite  a  number  of  methods 
have  been  devised  to  enable  this  to  be 
done.  For  example  clockwork  mechanism 
has  been  added  to  the  lamp,  rendering  it 
possible  to  extinguish  and  light  public 


many  of  them  based  upon  the  pressure  of 
rising  and  falling  diaphragms  have 
been  introduced.  For  example,  we  may 
mention  the  Bamag  system  (Distance 
Lighting  Co.,  69,  Farringdon  Road, 
London,  E.G.).  A  very  interesting  dis- 
cussion on  the  economies  derived  by  such 
apparatus  recently  appeared  in  the 
Journal  fur  Gasbeleuchtung,  and  it  has 
been  said  that  by  the  installation  of 
4,200  Bamag  lighters  an  annual  saving 
of  2,500Z.  was  made  in  one  district. 
Other  devices  of  this  kind,  such  as  the 
RosTiN  (A.  Landsberger,  Oxford  Court, 
London,  E.C.)  device,  utilising  a  mercury 
seal,  have  also  been  largely  utilized 
in  practice.  Both  these  devices  have 
been  described  in  this  journal. ^  Other 
distance  gas  lighters  include  the  Gascho^ 
apparatus  (Messrs.  Julius  Norden,  45, 
Farringdon  Street,  London,  E.C.)  and  the 
Automaton    apparatus    of    the  Auto 


lamps  at  certain  pre -determined  times  in 
a  very  reliable  manner.  One  thing,  how- 
ever, which  a  purely  mechanical  clock- 
work system  naturally  cannot  do  is  to 
take  an  account  of  the  weather.  Now, 
in  any  emergency,  when  a  fog  comes  on, 
for  instance,  the  engineer  of  the  gas- 
works wants  to  put  his  light  on  at  once. 

This  need  has  led  to  other  systems  of 
automatic  control  based  upon  a  temporary 
rise  in  pressure  in  the  gas  mains.  The 
engineer  merely  increases  the  pressure 
for  a  short  interval  and  such  a  rise  or 
diminution  in  pressure  actuates  the 
special  mechanism  attached  to  the  street 
lamps  and  causes  them  to  be  lighted 
and  extinguished  as  the  case  may  be. 
Quite  a  number  of  devices  of  this  kind, 

(1)  8e<i  JoumaJ,  of  (}aHli<ihting,  Sept.  13  and 
Oct.  4,  1910,  .1.  H.  Hcager,  liluminaliny  Engineer 
of  >^ew  York,  Aug.  ItiOD,  &c. 


Lighter  Syndicate^  (17,  Victoria  Street, 
S.W.)  which  is  claimed  to  be  particularly 
adaptable  to  the  varying  conditions  of 
supply  in  different  districts.  While 
dealing  with  street  lighting  we  must  not 
forget  to  mention  the  method  of  electrical 
ignition  by  means  of  electrically  heated 
platinum  wires  which  forms  a  feature  of 
the  high-pressure  incandescent  gas  light 
system  of  Messrs.  G.  Keith  &  Blackman 
Co.  Ltd.  (27,  Farringdon  Avenue,  London 
E.C.). 

Turning  next  to  indoor  lighting,  we 
again  find  a  variety  of  systems.  The 

{2)  Ilium.  Engineer,  London,  Vol.  U.,  1909, 
pp.  255,  257. 

(3)  Ilium.  Engineer,  London,  Vol.  III.,  May, 
1910,  p.  349. 

(4)  Ilium.  Engineer,  London,  Vol.  III.,  June, 
1910,  p.  411. 
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Norwich^  system  of  Messrs.  G.  Hands 

&  Co.  (71,  Parringdon  Road,  London,  E.G.) 
makes  use  of  a  special  valve  at  the  nose- 
piece  of  the  fitting,  which  is  opened  by 
the  pressure  of  the  gas  supply  when  the 
tap  is  turned  on. 

The  system  of  the  Pneumatic  Gas 
Lighting  Co.  (36,  Parringdon  Street,  E.G.) 
makes  use  of  the  application  of  a  pneu- 
matic pressure  afforded  by  merely  turning 
on  a  switch  ;  this  again,  actuates  a  special 
valve  and  permits  a  flow  of  gas  which 
is  ignited  by  the  bye-pass.  The  method 
is  stated  to  have  been  used  with  complete 
success  in  private  houses  ;  the  small 
amount  of  pressure  required  will  be 
understood  from  the  little  switch  shown 
in  the  illustration  which  closely  resembles 
those  of  the  ordinary  tumbler  type  used 
in  electric  lighting.  The  method  can 
also  be  applied  to  other  purposes  such  as 
pneumatic  door  bolts,  &c. 

Such  a  system,  of  course,  implies  the  use 
of  a  byepass.  In  the  Telephos  system 
(The  Telephos  Co.,  16,  Parringdon 
Avenue,  E.G.),  however,  a  byepass  is  not 
necessary.  Electric  wires  are  run  to  the 
burner  terminating  in  a  small  platinum 
wire,  placed  where  the  gas  is  to  be  kindled.. 
The  pressing  of  the  switch  closes  the  cir- 
cuit enabling  current  to  be  supplied  from 
dry  cells  to  this  wire,   heating  it  to 

(5)  Ilium.  Engineer,  London,  Vol.  II.,  1909) 
pp.  254,  258. 


incandescence.  Simultaneously  the  flow 
of  the  electric  current  admits  the  gas  by 
actuating  an  electro -magnetic  device,  and 
the  burner  lights  up. 

Two  other  systems  deserve  mention. 
One  of  these  is  the  Sei.f-Lighting 
Mantle  utilizing  a  pellet  of  special 
material  which  becomes  incandescent 
when  gas  flows  over  it.''  The  other  is  the 
Pybophobic  System,  in  which  the  sparks 
obtained  by  rubbing  a  special  mineral, 
cerite,  are  utilized.  The  use  of  this 
principle  in  the  gas -igniter  supplied  by 
Messrs.  Julius  Norden  has  also  been 
described  in  this  journal.'^  The  illustra- 
tion shows  the  "  flask-igniter  made  by 
the  same  firm,  in  which  the  method  is 
applied  to  kindling  a  small  spirit  lamp. 
In  a  recent  article  by  H.  Wunderlich  it 
was  stated  that  the  pyrophoric  system 
had  been  applied  experimentally  to  the 
distant  control  of  gas  lamps  in  Germany.^ 

The  above  note  summarizes  a  few  of  the 
most  interesting  methods  of  securing 
distance  control  of  gas  lights.  As  ex- 
plained, many  of  these  systems  have 
been  referred  to  in  previous  numbers  of 
this  journal  ;  further  particulars  can 
also  be  secured  by  application  to  the 
firms  named  above. 


(6)  Ilium.  Engineer,  Vol.  II.,  1909,  p.  254. 

(7)  „  „  „         „    p.  780. 

(8)  Journal  fiir  Gasheleuchtung,  May  15, 1909. 


The  Howellite  Inverted  Incandescent 
Burner. 

This  burner,  which  is  made  by  Messrs.  Howellite 
Burners,  Ltd.,  (22,  Parringdon  Avenue,  London,  E.G.) 
is,  we  understand,  specially  suitable  for  producing 
photographic  enlargements,  when  used  without  a  globe. 
It  is  also  stated  that  the  air  supply  and  the  position 
of  the  mantle  in  the  flame  can  both  be  controlled  so 
as  to  get  the  best  possible  illimiination,  and  the  mesh 
of  the  mantle  which  has  formerly  given  trouble  by 
showing  in  the  enlargement,  is  said  to  be  quite  invisible, 
when  the  lamp  is  burning  with  full  brilliancy. 


We  may  also  refer  to  the  conversion 
fittings  made  by  Messrs.  Julius  Norden 
(44,  Parringdon  Street,  London,  E.G.), 
and  we  would  call  attention  to  the 
cylindrical  lantern  which  they  make  for 
inverted  burners,  in  which  two  halves  are 
clamped  together  to  form  the  complete 
cylinder.  By  releasing  a  catch  the  two 
portions  come  apart,  and  are  readily 
detached  for  cleaning,  &c. 


Other  Items. 

The  British  Thomson-Houston  Co.,  Ltd. 

(Rugby,  and  83,  Gannon  Street,  E.G.) 
send  us  a  pamphlet  dealing  with  their 
Induction  and  Prepayment  Meters. 

We  have  received  a  list  shoeing  the 
various  types  of  Lifts  made  by  Messrs, 
Alex.  Chaplin  &  Co.,  Ltd.  (Helen  Street. 
Govan,  Glasgow). 
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A  Visit  to  Messrs.  Sugg  &  Co.'s 
Works. 

A  visit  of  the  London  and  Southern 
District  Junior  Gas  Association  took 
place  on  November  25th  to  the  works  of 
Messrs.  William  Sugg  &  Co.,  Ltd.,  West- 
minster. We  have  received  a  programme 
of  the  proceedings,  which  opens  with  an 
historical  account  of  the  development 
of  the  firm,  and  refers  to  the  adoption 
of  the  Argand  burner  as  the  standard 
test  burner  by  the  Gas  Referees  in  1869. 

The  second  part  gives  details  of  the 
work  carried  on  in  the  various  depart- 
ments that  were  visited — brass  finishing 
shop,  iron  and  brass  foundries,  engineers' 
shop,  &c.  It  is  interesting  to  note  that 
in  the  steatite  shop,  besides  the  usual 
nozzles  for  gas  burners,  Messrs.  Sugg  & 
Co.  turn  out  insulators  for  all  kinds  of 
electrical  work,  and  we  notice  in  another 
department  that  sparking  plugs  are 
manufactured.  Finally  we  may  mention 
the  photometer  room,  where  photometers 
of  all  kinds,  calorimeters,  and  other 
meters  are  tested. 


The  ''Aladdin"  Lamp  for  Street 
Lighting. 

Attention  is  directed  to  the  "  Aladdin!" 
gas  lamp,  with  inverted  burners,  as  the 
best  form  of  this  class  of  street  lamp  for 
use  on  an  ordinary  lamp  post.  It  is 
claimed  to  be  shadowless  and  to  yield  a 
lighting  power  of  approximately  120  c.-p. 
per  burner  with  the  low  consumption  of 
3 1  cubic  feet  per  burner  per  hour.  Whilst 
the  head  is  hinged,  so  as  to  admit  of  ready 
access  to  the  interior,  it  is  constructed 
in  such  a  manner  that  it  is  absolutely 
wind  and  weather  proof,  and  the  reflector, 
of  convex  form,  ensures  the  diffusion  of 
light  over  a  much  wider  area  than  would 
otherwise  be  possible. 

These  lamps  can  be  inspected  at  the 
shoAvrooms  of  Messrs.  Falk,  Stadelmann 
&  Co.,  who,  we  understand,  have  now 
on  exhibition  a  variety  ■  of  other  novelties 
of  interest  to  the  illuminating  engineer. 


The  Welsbach  Incan- 
descent Gas  Light  Co., 
Ltd.,  have  sent  us  a 
copy  of  their  latest 
Price  List  (1910-11), 
which  contains  150 
pages  dealing  with  the 
various  fittings,  bur- 
ners, mantles,  &c., 
suppliedby  this  firm. 


Spon's  Architects  and 
Builders'  Pocket  Price 
Book.  —  The  1911 
edition  will  be  ready 
early  in  December. 
The  book  has  been 
divided  into  two  sec- 
tions : — 

Memoranda  and 
Tables,  containing  a 
large  amount  of  useful 
information  in  a  handy 
and  portable  form. 

Prices  and  Diary,  in  which  the  prices 
have  been  carefully  revised  to  date. 

Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  send  us  a  copy  of  their  revised  price 
list  of  "  Okewatt  "  Lamps,  and  point 
out  that  they  are  now  placing  on  the 
market  a  new  200  CP.  Lamp,  which  will 
have  the  same  efficiency  and  general 
charact(;ristics  as  tlio  present  100  c.-p. 
"  One  watt  "  lamp,  and  will  be  supplied 
at  pric(!H  which  compare  very  favourably 
with  those  of  other  typos  of  high  c.-p. 
amps  on  the  market. 


The  Lighting  of  Newport  Technical 
Institute. 

The  above  illustration  shows  the  scheme 
of  illumination  adopted  in  the  Hall  of  the 
Newport  Technical  Institute.  The  whole 
of  the  lighting  has  boon  carried  out  with 
HoLOPHANE  fittings  suj)plied  by  Messrs. 
Siemens  Bros.  Dynamo  Works,  Ltd.  High 
(•andl(;-p()W(^r  '  Onowatt '  Tiuigston  Lamps 
are  used  in  the  large  central  Holophano 
spheres,  with  Tantalum  Lamps  in  the 
smaller  globes.  The  installation  is  a  good 
example  of  Holophano  lighting. 
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Messrs.  Siemens  Bros. 
Dynamo  Works,  Ltd.  (Tyssen 
Street,  Dalston,  London, 
N.E.)  send  us  illustrations 
and  particulars  of  two  out- 
side weatherproof  Lanterns, 
one  of  which,  designed  for 
a  cluster  of  four  "  Tanta- 
lum"  Lamps,  we  reproduce 
here.  One  of  the  features 
of  thi§  design  is  the  patent 


A  NEW  ELECTRIC  PENDANT. 

Messrs.  Simplex  Conduits,  Ltd.  (113-117,  Charing 
Cross  Road,  London,  W.C. )  liave  introduced  a  pendant 
in  which,  it  is  claimed,  all  strain  on  tho  flexible  or 
terminals  is  eliminated,  and  risk  of  fire  or  accident 
from  falling  lamps  is  reduced  to   a  minimum.  In 


self -locking  device  for  the 
globe,  which  makes  set- 
screws  for  globe  fixing  no 
longer  necessary,  and  should 
reduce  breakage  from  this 
cause. 

Messrs.  Siemens  also  send 
us  a  pamphlet  dealing  with 
the     Ho'-ophane    *'  Stiletto " 

Reflectors  which  we  referred 
to  in  our  last  number,  and 
the  new  special  screwless 
gallery.  We  note  that  this 
firm  have  made  arrange- 
ments for  additional  tele- 
phone lines  to  be  installed  to 
deal  with  the  pressure  of 
business. 

The  same  firm  have  also 
sent  us  a  full  and  compact 
catalogue  of  Arc  Lamps  for 
Continuous  and  Alter- 
nating Currents,  together 
with  a  pamphlet  on  the 
'  Development  of  Flame  Arc 
Lighting.'  The  catalogue 
deals  fully  with  Open,  En- 
closed, and  Flame  Arc 
Lamps,  as  well  as  with 
Resistances,  Transformers, 
and  other  Accessories. 


the  factory  type  which  we  illustrate  the  weight  of 
the  lamp  is  taken  by  a  chain.  A  special  ceiling-rose 
has  been  designed  which  serves  the  double  purpose 
of  supporting  the  lamp  independently  of  the  wires  and 
separating  the  poles,  thus  minimising  the  risk  of 
short  circuit  due  to  bad  insulation. 

A  CORRECTION. 
We  regret  that  a  misprint  occurred  in  the  advertise- 
ment of  Holophane,  Ltd.,  on  the  back  of  the  wrapper 
of  the  last  number  of  this  journal.  The  words  "  see 
page  ii  ought  to  have  been  "  see  page  v,'^  thus 
referring  to  the  advertisement  of  the  new  Stiletto 
Reflectors  of  this  firm. — Ed  . 
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CORRESPOND^ 

Spectral  Energy  Curves  of  the  Moore  Tube. 

Sir, — With  reference  to  the  suggea-  the  spectral  energy  curves  of  these 
tion  of  the  desirabihty  of  obtaining  gases,  pubHshed  in  a  recent  number 
spectral  energy  curves  of  the  Moore  of  The  Illuminating  Engineer.  In  the 
tube  and  of  the  flaming  arc  with  same  manner  some  idea  of  the  flaming 
calcium  and  other  metallic  vapours,  I  arc  spectral  energy  curves  may  be 
would  call  the  attention  of  the  corre-  obtained  from  the  experiments  on  the 
spondents  to  the  fact  that  the  "  Moore  emission  spectra  of  metals,  e.g.,  Ca, 
tube"  is  simply  a  gigantic  "  Geissler  Na,  Li,  &c.,  in  the  carbon  arc,  ex- 
tube,"  or  ordinary  vacuum  tube,  con-  amples  of  which  may  be  found  in  this 
taim'ng  nitrogen,  or  carbon  dioxide,  or  same  journal — also  published  in  extenso 
mixtures  of  such  gases  ;  hence,  the  in  Publications  of  the  Carnegie  Insti- 
information  sought  may  be  found  in  tution.  Wm.  W.  Coblentz. 


Some  Publications  Received. 

The  Illumination  of  Study  Rooms.  By  A.  L.  Parsons  and  H.  W.  Smith. 
This  is  a  very  detailed  report  of  the  present  system  of  lighting  employed  in  the  study 
rooms  of  a  U.S.  Naval  Academy,  with  suggestions  for  its  improvement.  Out  of 
25  pages,  16  are  devoted  to  a  close  study  of  the  general  considerations,  and  in  the 
appendix  a  large  number  of  diagrams  and  tables  are  given,  dealing  with  the  distribu- 
tion of  illumination  and  the  colour  scheme  in  the  rooms,  &c. 


Visual  Phenomena  connected  with  the  Yellow  Spot.    By  Dr.  F.  W.  Edridge-Green. 
In  this  communication,  which  is  a  reprint  from  the  Journal  of  Physiology,  the  author 
considers  some  of  the  phenomena  of  the  Yellow  Spot,  such  for  example,  as  the  whirling 
currents  which  are  seen  in  the  field  of  vision  when  the  eyes  are  partially  or  totally 
closed.    A  theory  is  put  forward  to  explain  these  phenomena. 

Elehtrische  Beleuchfung.    By  Dr.  B.  Monasch. 
This  is  Part  2  of  the  book  to  which  we  referred  in  our  last  issue,  and  which  we  hope 
to  review  in  detail  shortly.   

Luminous  and  Flame  Arcs  versus  Open  and  Enclosed  Carbon  Arcs  for  Street  Illumination. 
By  W.  D'A.  Ryan. 

This  paper,  which  was  read  before  the  National  Electric  Light  Association  last  May, 
deals  exhaustively  with  the  subject  of  street  lighting  by  Arc  Lamps.  It  is  fully  illus- 
trated with  photographs  and  coloured  diagrams.    We  hope  to  refer  to  it  in  greater 

detail  in  a  later  number.   

Holophane  Illumination  is  a  new  publication  issued  by  Holophane,  Ltd.  (12, 
Carteret  Street,  Queen  Anne's  Gate,  S.W.),  in  order  to  popularize  scientific  illumina- 
tion and  to  describe  the  most  recent  novelties  in  connection  with  Holophane 
glasswa  e.  The  first  number  contains  a  summary  of  the  chief  qualities  of  the 
"  E,"  "  I,"  and  "  F "  type  reflectors,  written  in  an  attractive  and  readable 
manner.  The  first  of  a  series  of  '  Holophane  Homilies '  is  addressed  to  the 
contractor  and  emphasizes  the  opportunity  awaiting  those  who  are  prepared  both 
to  provide  the  most  up-to-date  illuminating  apparatus  and  also  to  give  competent 
advice  as  to  how  it  can  be  used.  The  publication  contains  a  note  on  church- 
lighting  and  particulars  are  also  given  of  a  number  of  recent  installations.  We 
must  congratulate  Holophane,  Ltd.,  on  their  enterprise  in  issuing  a  publication  in 
which  the  claims  of  good  illumination  are  so  attractively  put  forward. 


Among  other  publications  we  have  also  to  acknowledge  the  receipt  of  the  follow- 
ing : — The  Journal  of  the  Royal  Society  of. Arts,  The  Journal  of  the  Rontgen  Society,  The 
Transactions  of  the  Illuminating  Engineering  Society  {U.S.A.),  The  Transactions  of  the 
South  African  Institute  of  Electrical  Engineers,  The  Proceedings  of  the  American  Institute 
of  Electrical  Engineers,  Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  The 
Physical  Review,  American  Chemical  Journal,  Proceedings  of  the  Tokyo  Mathematico- 
Physiail  Society,  SUzungsberichte  der  Kaniglich  Bayerischen  Akademie  der  Wissen- 
scfoaflcny  [\ 
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ILLUMINATION    AND  PHOTOMETRY. 

There  have  been  far  more  papers  in 
this  section  than  can  be  even  mentioned,. 
A  number  of  these  were  read  at  the  Con- 
vention of  the  Illuminating  Engineering 
Society  in  the  United,  States.  Some  are 
referred  to  in  the  Editorial  in  the  present 
number. 

Thus  P.  S.  Millar  lays  stress  on  the 
importance  of  studying  the  Nature  of 
Surfaces  in  the  Streets,  besides  the 
location  of  the  sources.  The  same  author 
has  also  described,  in  The  Electrical 
World,  a  Device  for  Testing  Glare 
in  the  streets  based  on  the  amount  of 
contrast  which  the  eye  can  just  detect. 
P.  S.  Millar  has  also  been  pointing  out 
the  part  played  by  the  "  silhouette  prin- 
ciple "  in  observing  people  and  vehicles 
in  the  streets.  In  many  cases  one  only 
sees  objects  as  jet-black  silhouettes,  owing 
to  the  bright  sources  behind  them. 

E.  P.  Hyde's  Presidential  Address 
was  largely  devoted  to  a  study  of  the 
efficiency  of  light  production  and  the 
nature  of  the  radiation  in  different  parts 
of  the  spectrum.  A  similar  subject  was 
dealt  with  by  H.  E.  Ives  {Elec.  World., 
Oct.  13)  in  discussing  the  Nature  of 
Firefly  Radiation.  He  has  made  de- 
tailed tests  in  order  to  ascertain  whether 
the  light  is,  strictly  speaking,  of  a  phos- 
phorescent nature  ;  it  appears  that  the 
usual  tests  of  phosphorescence  are  not 
complied  with.  On  the  other  hand,  new 
and  refined  investigations  show  that  the 
efficiency  is  extremely  high,  for  very 
little  trace  of  wasteful  non-luminous 
energy  can  be  detected.  The^  question 
is  also  taken  up  in  correspondence  by 
Elihu  Thomson  and  Coblentz  in  sub- 
sequent numbers  of  The  Electrical  World. 

There  are  also  innumerable  articles 
dealing  with  the  illumination  of  paper 
mills,  bowling  greens,  and  installations 
of  various  kinds,  &c.,  in  The  Illuminating 
Engineer  of  New  York  and  other  journals. 
An  illustrated  article  in  this  journal  deals 
with  the  moving  camera  as  a  means  of 
studying  glare,  the  supposition  being 
that  it  is  only  when  a  certain  intrinsic 
brilliancy  of  the  image  is  attained  that 
streaks  are  recorded  on  the  photographic 
plate. 


Schreckenburg  {Ele.k.  u.  Masch.,  Nov. 
27)  points  out  some  interesting  qualities  of 
the  Ultra-violet  Rays  in  causing 
chemical  action  notably  among  organic 
materials.  He  also  gives  data  regarding 
their  transmissibility  through  various 
liquids  and  solutions. 

ELECTRIC  LIGHTING. 

One  of  the  most  interesting  examples 
of  electric  lighting  described  during  the 
past  month  has  been  the  lighting  of  the 
New  Home  of  the  Institution  of 
Electrical  Engineers  {Electrician, 
Nov.  11  ;Elec.  Rev.  Nov.  11) ;  this,  however, 
has  already  been  referred  to  in  this 
number. 

A  comprehensive  paper  on  Street  Light- 
ing WITH  Modern  Electric  Lamps  was 
also  read  before  the  Institution  of  Elec- 
trical Engineers  by  Haydn  T.  Harrison, 
and  is  abstracted  in  various  electric 
journals  {e.g.  Electrician,  Nov.  25).  The 
paper  contains  detailed  tables  connecting 
the  cost  of  gas  and  electric  incandescent 
lamps  and  a  number  of  polar  curves  of 
light  distribution  which  illustrate  modern 
contrivances  for  modifying  the  natural 
distribution  of  light  from  sources. 
Emphasis  is  also  placed  on  the  need,  for 
avoiding  glare,  and  this  was  also  fre- 
quently referred  to  in  the  discussion. 

C.  L.  Kinsloe  {Elec.  World,  N.Y., 
Oct.  13)  describes  some  striking  results 
regarding  the  Effect  of  Wave-Form  on 
the  performances  of  incandescent  lamps 
on  alternating  current  circuits.  He  finds 
that  a  peaked  wave  tends  to  decrease  the 
life  of  a  lamp  by  25  to  50  per  cent  of  what 
it  would  have  been  with  a  sinusoidal 
curve,  and  that  the  efficiency  is  also 
reduced. 

H.  Gage  gives  the  results  of  some 
experiments  on  Projection  Arclamps. 
He  finds  that  continuous  current  lamps 
are  invariably  more  efficient  than  alter- 
nating current  ones  from  the  standpoint 
of  light,  and  that  a  rectified  alternating 
current  is  almost  as  good  as  a  strictly 
continuous  one. 

Among  other  articles  we  may  note  one 
on  Stage  Lighting  in  The  Electrical 
Times,  in  which  a  novel  method  of 
directing  light  on  the  stage  by  means  of 
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sources  in  the  auditorium  is  mentioned. 
Other  items  include  general  articles  on 
incandescent  lamps  by  Cheneveau,  and 
on  the  Quartz  Tube  Mercury  Lamp  by 
M.  Leblanc  {Lumiere  Electrique,  Nov.  5). 
The  latter  author  enters  into  the  nature 
of  the  processes  within  the  tube,  and  adds 
some  effective  illustrations.  The  serial 
article  on  New  Forms  of  Arc  Lamps  is 
continued  in  the  Zeitscfirift  fiir  Beleuch- 
tungswesen,  the  most  recent  portion  dealing 
with  magazine  arc  lamps. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

The  most  important  contribution  in 
this  direction  is  the  paper  by  F.  W. 
Goodenough  before  the  Illuminating 
Engineering  Society  (London).  This  is 
dealt  with  in  the  present  number,  and 
was  also  treated  in  recent  issues  of  The 
Journal  of  Gas  Lighting  and  Gas  World. 

The  question  of  the  Standard  Burner 
Bills  has  aroused  much  attention,  but 
still  receives  comment.  The  Bills  in 
question  have  now  been  passed  in  the 
House  of  Commons. 


Several  articles  deal  with  High- 
Pressure  Gas  Lighting  in  Birmingham 
and  elsewhere.  In  this  locality  the 
pressure  in  the  mains  is  stated  to  have 
been  as  high  as  140  in.  of  water.  Lebeis 
{J.f.G.,  Nov,  12)  contributes  a  general 
article  on  Progress  in  Gas  Lighting, 
He  gives  details  of  several  new  lamps, 
notably  an  improved  form  of  upright  lamp, 
and  contends  that  the  merits  of  the  up- 
right, as  compared  with  the  inverted 
burner,  are  not  properly  appreciated. 
F.  Messenger  (J.f.G.,  Oct.  29)  con- 
tributes a  more  general  article  sum- 
marizing the  progress  of  gas  lighting,  the 
intention  being  to  disprove  the  suggestion 
that  in  the  future  gas  will  come  to  be 
mainly  used  for  heating  rather  than 
lighting  purposes. 

A  new  field  for  gas  lighting  is  described 
in  a  recent  number  of  The  Journal  of 
Gas  Lighting,  namely,  the  use  of  Gas  for 
Illuminated  Signs.  This  department, 
it  is  suggested,  deserves  more  detailed 
study. 
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